Voyager spacecraft.  Volume III - Voyager program plan  Study report, phase IA by unknown
O 5410 - 0003 - RU - 000
PHASE 1A STUDY REPORT
VOYAGER SPACECRAFT
VOLUME 3
VOYAGER PROGRAM PLAN
30 July 1965
Prepared for
California Institute of Technology_ _
Jet Propulsion Laboratory
P saden , Ca l ifornia
Under Contract Number 951113
TRW SYSTEMS GROUP
Redondo Beach, California
https://ntrs.nasa.gov/search.jsp?R=19660011760 2020-03-16T22:29:34+00:00Z
CONTENTS
O
I°
II.
III.
IV.
INTRODUCTION .............................
SUMMARY OF MAJOR MILESTONE SCHEDULES .......
I. INTRODUCTION ...........................
2. PHASE IB SCHEDULE ......................
3. PHASE II SCHEDULES ......................
4. CRITICAL AREAS AND TRADEOFFS .............
4. I Introduction .........................
4.2 1969 Test Flight ......................
4. 3 1971 Mission .........................
EFFECTS OF THE 1969 TEST FLIGHT ON
THE 1971 MISSION ............................
TEST PLAI_NING .............................
I. INTRODUCTION ..........................
2. THE TEST OFFICE ........................
3. INTEGRATED TEST PLAN ...................
3. I Scope ..............................
3 2 Voyager Project Test Matrix ..............
3 3 Parts Selection .......................
3 4 Magnetic Testing ......................
3 5 Development Testing ....................
3 6 Manufacturing Testing ..................
3 7 Type Approval Testing ..................
3 8 Assembly Testing ......................
4. EVENT TEST MATRIX .....................
5. EFFECTS OF TESTING 1969 FLIGHT TEST
SPACECRAFT ON THE 1971 MISSION ............
Page
l
4
4
4
Ii
21
21
21
27
28
31
31
32
33
33
36
4O
4O
42
43
45
5O
51
51
ii
CONTENTS {Continued)
V,
Pag e
IMPLEMENTATION PLAN .................... 58
1. INTRODUCTION ......................... 58
2. SYSTEM ENGINEERING ................... 61
2. 1 System Analysis ..................... 62
2.2 System Requirements ................. 64
2. 3 Reliability ......................... 69
3. SPACECRAFT SYSTEM DEVELOPMENT ........ 69
3. 1 Electrical Design Integration ............ 70
3.2 Mechanical Design Integration ........... 76
3.3 E xpe_ri_ment Integration ................ 84 _--
_--_--_---------_. ,_._-_*_*_._ _. _ . ___-__). "_ _pacecraft Development Test Planning ...... 94
4. SUBSYSTEM DEVELOPMENT ............... 104
4. 1 Structural Subsystem ................. 106
4.2 Thermal Control Subsystem ............. 122
4. 3 Propulsion Subsystem ................. 139
4.4 Stabilization and Control Subsystem ........ 152
4.5 Central Sequencing and
Command Subsystem .................. 165
4. 6 Communications and Data Handling
Subsystems ........................ 173
4.7 Power Subsystem .................... 192
4.8 Planet-Oriented Package Subsystem ....... 217
4.9 Electrical Distribution Subsystem ......... 222
. MANUFACTURING AND MATERIAL
ACQUISITION .......................... 227
5.1
5.2
Manufacturing ...................... 22 8
Mat erial A cquis ition .................. 228
. SPACECRAFT ASSEMBLY, CHECKOUT, TEST,
LAUNCH AND MISSION SUPPORT OPERATIONS . . . 235
6.1
6.2
6.3
6.4
Introduction ........................ 235
Operations Engineering ................ Z39
1971 Spacecraft Engineering Model Assembly,
Checkout, and Test ................... 243
Engineering Model Operations ........... 261
iii
,CONTENTS (Continued)
6.10
6.11
6.5 Deep Space Network Model Testing .........
6. 6 Proof Test Model .....................
6.7 Type Approval Testing .................
6.8 Flight and Life TeSt Spacecraft
Assembly and Checkout .................
6.9 Flight and Life Test Spacecraft
Acceptance Testing ...................
Spacecraft Launch Operations .............
Mission Operations Support ..............
PHASE IB IMPLEMENTATION PLANNING ........
Page
262
263
27Z
277
277
277
292
294
APPENDIX:
A.
B.
C.
D.
E.
Assembly, Test, and Launch Operation ..........
Reliability Program Planning .................
Magnetic Control Plan Outline ................
Contamination Control ......................
Equipment Lists ..........................
Z95
585
592
6OO
608
iv
DD
D
igure
2-i
2-2
2-3
2-4
2-5
2-6
4-I
4-2
4-3
4-4
4-5
4-6
5-I
5-2
5-3
5-4
5-5
5-6
5-7
5-8
5"9
5-10
5-11
5-12
5-13
5-i4
5-i5
5-16
5-17
ILLUSTRATIONS
Phase IB Milestone Schedule ....................
Voyager Phase II Program Milestones, 1969-1971-1973
Launches ................................. IZ
Voyager Phase II Milestone, 1969 ................ 13
Voyager Phase II Milestone, 1971 ................ 14
System Flight Acceptance Schedule, 1971 ........... 15
PTM Type Approval Test Schedules, 1971 ........... 16
Interaction of Test Office with the Major Program
Elements ................................. 31
Typical High Reliability Parts Testing Sequence ....... 44
Typical Voyager Flow Chart, Assembly Flight Approval.. 45
Type Approval Testing ........................ 46
Event Test Matrix ........................... 52
Significant 1969 Test Results Schedule ............. 53
Voyager Program Implementation ................ 59
1971 Voyager Spacecraft System Specification Tree ..... 67
Mass Properties Analysis, Task Interrelationships 81
Spacecraft Science Design Integration .............. 85
1971 Experimental Design Integration Schedule ........ 87
Possible Voyager SSP Experiments and Special ........
Interface Requirements ........................ 90
Voyager Development Models ............ . • • • • • • 97
7
Structures Development Flow Chart ............... 107
Separation Analysis Task Interrelationships .......... ! !3
Phase IB Structural Subsystem Schedule ............ IZI
Phase II Structural Subsystem Schedule ............ 121
Thermal Control Subsystem Development ........... 123
Thermal Control Subsystem Schedule, Phase IB ....... IZ6
Thermal Control Subsystem Schedule, 1971 Mission .... 127
Thermal Control Subsystem Schedule, 1969 Test ...... 128
Midcourse Propulsion Subsystem Schedule ........... 140
Retropropulsion Subsystem Schedule ............... 148
v
Figure
5-18
5-19
5-20
5-21
5-22
5 -23
5-24
5-25
5-26
5-27
5-28
5-29
5-30
5-31
5-32
5-33
5-34
5-35
5-36
5-37
5-38
5-39
5-40
5-41
5-42
5-43
ILLUSTRATIONS (Continued)
Stabilization and Control Subsystem Development ......
Stabilization and Control Subsystem Schedule ........
Central Sequencing and Command Subsystem
153
164
Development Flow
Central Sequencing and Command Subsystem Schedules. •
Command and Data Handling Development ...........
Communications and Data Handling Schedule .........
Power Subsystem Development ..................
Power Subsystem Development Schedule ............
.......................... 166
167
175
191
193
195
Q-Board Development Tests .................... 207
Planet-Oriented Package Subsystem Development Flow. • 219
Planet-Oriented Package Subsystem Development
Schedule ................................. 220
Design and Development Flow, Electrical Distribution
Subsystem ............................... 223
1969 Electrical Distribution Subsystem Schedule ...... 224
Electrical Distribution Subsystem Schedule, 1961 ..... 225
Voyager Manufacturing Schedule ................. 229
Preliminary Master Summary Schedule, Phase II ..... 230
Fabrication and Assembly of the 1969 Voyager
Planetary Vehicle .......................... 231
Fabrication and Assembly of the 1971 Voyager
Planetary Vehicle .......................... 233
Assembly Flight Approval Test Flow .............. 235
Materiel Procurement Set-Back Schedule ........... 237
Voyager Spacecraft Top Assembly Flow ............ 240
Voyager Planetary Vehicle Assembly and Checkout
Operations ............................... 241
1971 Engineering Model Spacecraft Assembly and Test.. 245
Engineering Model Spacecraft Operations ........... 249
1971 Proof Test Model Spacecraft Assembly and
Checkout ................................. 265
1971 Mission Proof Test Model Spacecraft Type
Approval Testing ........................... 273
vi
FiGure
5-44
5-45
ILLUSTRATIONS (Continued)
I971 Voyager Flight Model Spacecraft Flight Approval
Te sting .................................
1971 Voyager Launch Operations ................
279
281
vii
TABLES
2-I
2-2
4-I
4-2
4-3
5-1
5-2
5-3
5-4
5-5
5-6
5-7
5-8
5-9
5-10
5-11
5-12
5-13
5-14
5-15
5-16
5-17
5-18
5-19
Schedule Philo sophy ..........................
Schedule Objectives and Achievement ..............
Voyager Project Test Matrix ....................
Interface Type Approval Testing .................
Effects of 1969 Test Program on 197 1 Mission Design and
Test ....................................
Phase II Development Test M_trix ................
Type Approval Tests .........................
Thermal Control Test Matrix ....................
Thermal Control Subsystem Development Test Matrix . . .
Thermal Control Subsystem Type Approval Test Matrix . .
Prequalification Test Matrix ....................
Development Test Program .....................
Prequalification Test Program ...................
Type Approval Test Program ....................
Stabilization and Control Subsystem Test Matrix .......
Design and Development Test Summary for Central
Sequencing and Command Subsystem ...............
Communication and Data Handling Development Test
Matrix ...................................
Power Subsystem Development Test Matrix ..........
Solar Array Development Test Matrix ..............
Solar Panel Development Test and Evaluation Matrix ....
Silver-Cadmium Battery Development Test Matrix ......
Battery Regulator Development Test Matrix ..........
Shunt Element and Power Control Unit Development
Test Matrix ...............................
Inverter Development Test Matrix ................
Page
19
20
37
39
54
117
118
134
137
138
142
150
151
151
162
17Z
188
204
206
208
211
212
213
215
viii
L
• I. INTRODUCTION
This volume presents the results of the Phase IA study with respect
to implementation of the spacecraft. It includes a description of the effort
required to design, develop, test, assemble, check out, launch, and sup-
port spacecraft flight operations for both the 1969 flight test and the 1971
mission. The plan essentially applies to the spacecraft only, although
the OSE schedule interfaces of the system and its subsystems are also
identified. OSE implementation is discussed in full in Volume 6, and
the special characteristics of OSE implementation for the 1969 flight are
discussed in Volume 7.
Section II presents the major milestone schedules for both Phase IB
and II and discusses schedule philosophy, critical areas, and schedule
tradeoffs. Section III is devoted to a discussion of the effects of the 1969
flight test program on the 1971 mission in terms of advantages and dis-
advantages. Section IV is a discussion of over-all test planning and con-
trol and the generation of the Voyager integrated test plan.
Section V contains a somewhat detailed description of engineering,
test, spacecraft assembly, checkout, systems test, launch, and mission
support operations during Phases IB and II to implement both the 1969
flight test and 1971 missions. The manufacturing tasks are briefly treated
in terms of schedule requirements and a preliminary estimate of the equip-
ment to be delivered and the time needed for their manufacture. Only a
minor effort has been given at this time to the detailed planning of the
sequence for the 1973 and subsequent missions. The tasks necessary to
implement the missions after 1971, in the light of the design, development,
and test status at the time of the 1971 launch, are well within the avail-
able schedule time. Design efforts for a 1973 mission could begin as
early as 1968, and the fabrication and acceptance testing could be readily
spaced to provide a stable level of effort in terms of manpower, equip-
ment, and facilities loading.
As a general rule, Section V does not discuss organization or
project control, the focus being on the identification and scheduling of the
tasks that must be done to meet the launch dates. The implementation
tasks discussed in Section V begin with the systems engineering effort,
which converts mission analysis into system design requirements. The
spacecraft development group in turn converts these requirements to sub-
system design requirements. These design requirements, through the
development process, are translated into manufactured and tested equip-
ment which is then assembled into spacecraft models for test and launch.
Several appendices are included to provide additional information
on certain planning tasks. Some of these appendices provide detailed
planning data (such as the assembly and test planning sheets}, which would
become cumbersome in the main text. The remaining appendices are pro-
vided in outline form to suggest the scope of the plans that need to be pro-
vided in Phase IB. These appendices include:
• Assembly and checkout
• Reliability program planning
• Magnetic control plan
• Contamination control
• Equipment list
The policy used in generating the schedules and task descriptions
in Sections II and V has been that the 1969 flight test effort is an integral
portion of the development cycle of the spacecraft for the 1971 mission.
To this end, the ground rule for the design of the 1969 spacecraft is to
retain a one-to-one identity with the elements of the 1971 spacecraft,
within the constraints imposed by the difference in launch vehicle capa-
bility and the absence of scientific objectives. Thus the 1969 spacecraft
design is identical to the 1971 design in the elements of the electrical
subsystems but differs in over-all size, solar array configuration, struc-
ture, propulsion (e. g., there is no solid engine}, science payload, and
certain deployable elements. The panels used for mounting equipment on
the 1969 spacecraft are identical to those used on the 1971 spacecraft;
four being used on the 1969 design, compared to six on the 1971. The sub-
system equipment is mounted on three of these panels and are identical
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for both the 1969 and 1971 designs. The fourth panel is used for mounting
experiment equipment in the 1971 version; for the 1969 version this panel
could support additional equipment if desired.
The solar array is the same in terms of the module design and
number of modules per string but differs in terms of the layout of the
module on a deployable panel and the reduced number of parallel strings.
The six-foot antenna and drives are identical for both the 1969 and 1971
designs. The three-foot medium-gain antenna is replaced on the 1969
design by an additional low-gain antenna. The low-gain antennas are
identical for both spacecraft. The 1969 stabilization and control system
uses the same valve arrangement and electronics as the 1971 but has
different tankage and a smaller nozzles. The midcourse engine for the
1969 spacecraft, including the valving and plumbing, is also identical
with the exception of the deletion of one propellant tank.
An additional common element exists in the design concept of re-
taining a modular approach toboth the 1969 and 1971 spacecraft. Thus,
the various critical electrical subsystems and certain elements of the
structure (e. g., equipment mounting panels, drive gears, bearings,
thermal louvers, insulation materials, and pressure bottles) are of a
modular ,design for both spacecraft systems. With this degree of simi-
larity between the two configurations, a significant portion of the design
effort is simply an extension of the 1969 design and test effort.
Those designs unique to the 1971 spacecraft will be instituted in
parallel with'_^L_,= ,,n_oT_ __._g___. The 1969 ground test program provides
early design verification data to the 1971 subsystem design (see Section
Iv 4).
II. SUMMARY OF MAJOR MILESTONE SCHEDULES
1. INTRODUC TION
This section presents the major milestone schedules for the
Phase IB effort, 1969 flight, and 197i missions, and a combination
schedule of the 1969 test flight and 197i and 197B missions. It also
discusses the basis for these schedules and identifies the critical
areas and possible tradeoffs.
For reasons stated elsewhere in this volume, the 1971 mission
program is considered to be an extension of the i969 flight test
development effort with the exception of those design efforts not common
to both designs. It is expected that in each area of specialization, when
common designs exist, the same group will perform both efforts. In
those design areas where the i97i mission differs from the i969 flight
test, there is sufficient time in the schedule to allow a major effort
to be expended on the 1969 test with a smaller parallel group develop-
ing the 197t designs and, as the 1969 design effort decreases those
personnel will be diverted to the i971 mission.
Z. PHASE IB SCHEDULE
The preliminary de sign definition activities for the i 97 i
Voyager spacecraft, and corresponsing 1969 test flight, cover an
eight-month span, starting in early January 1966. The products
of this activity are complete functional specifications, system and
subsystem, and OSE and Phase II implementation planning documents.
The over-all 197i mission spacecraft is not by itself schedule con-
strained; however, the objectives of a test flight of parallel design
in 1969 will require earlier design definition for i971 than might
normally be attempted. The objective of obtaining maximum de sign
verification from the test flight requires common design efforts
wherever possible. The Phase IB activities have been approached
with this objective in mind.
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Figure 2-1 presents the Phase IB schedule in the TRW format
of a simplified, uniform milestone matrix integration technique
(SUMMIT} to highlight the prerequisite data required in accomplishing
the selected milestones displayed. The activities involved in subsystem
development are shown in detail in Section V4. Phase IB activities will
be planned using PERT before the phase begins. Figure Z-1 provides
a summary of the same activities and events. Upon receipt of the
revised Voyager guidelines and specifications, system engineering will
proceed, supported by subsystem engineering parametric data, in
defining the system requirements imposed upon the spacecraft. This
data results from the mission engineering, involving trajectory
analysis, mission sequence of events, loads criteria, and guidelines
of the mission experiment requirements. Specific system requirements
data listed as milestone events will Iead toward the preliminary design
requirements review scheduled for the 7th week, following which the
data is available for subsystem design analysis, leading toward the
completion of subsystem and system design concepts early in the 12th
week. Design Review No. 1 (12th week) establishes the subsystem
baselines from which further definition results, using breadboard
testing in conjunction with the design development processes. The
purpose of Design Review No. 1 is to make certain that the system and
subsystem requirements are clearly defined and that the conceptual
design approach satisfies all requirements. The material to be re-
viewed includes : technical contract requirements, block diagrams,
schematics, layouts, equipment specifications, technical work state-
ments for system and subsystem design, development and test, and
advanced procurement requirements.
JPL participation in alI design reviews is expected. In addition
a formal JPL review is scheduled for the 14th week to assess the
system and subsystem concepts and to solidify the spacecraft interfaces.
The JPL design review will result in release of updated subsystem
requirements, interface specifications, and purchase orders for long
Iead time, high reliability parts.
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The activities following this key design review lead to subsystem
preliminary designs for both the 1971 and 1969 test flight, culminating
_R. n
! Design Review No. 2, scheduIed for the 26th week. Intermediate
i_ilestones involving reLiability assessment and materials and process
specifications submitted are also shown. Design Review No. Z verifies
the adequacy of implementations of design concepts. The material to
be reviewed includes:
• Detailed layouts and schematics
• Lists of material, parts and processes, and related
specifications
Results of development tests
Re LiabiLity data
Specifications for subcontract items
Weight, volume, power requirements
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As further subsystem design definition proceeds, the Phase II
implementation plan is completed, spacecraft configuration models
for 197t and 1969 are completed, and system reliability assessments
finished leading toward the second key JPL design review (28th week).
The models are presented at this time and the previously submitted
Phase II planning.documents reviewed.
The system and subsystem functional specification, OSE spec-
ification, Phase I2 work package, and work plan will be submitted as
revised by the design review. Structural model drawings for the 1969
test flight are prepared during Phase IB and released at the end of
this phase.
A vital factor in the schedule is the early definition of both 1971
and 1969 spacecraft, with early preparation for the 1969 test flight
using as many common subsystem designs as possible. Thus the
configuration models are proposed for Phase IB construction to be used
as design tools for spacecraft configuration development, followed
by configuration control during Phase II.
3. PHASE II SCHEDULES
Figure 2-Z presents the summary schedule of the task-time relation-
ships proposed for the 1969 flight test and the 1971 and 1973 missions.
Figure 2-3 presents the summary schedule of the task-time relationships,
for the 1969 flight test. The summary schedule of the task-time relation- ",
ships for the t971 mission is shown in Figure Z-4. Figure 2-5 presents
the detailed test facilities schedule for the spacecraft flight approval por-
tion of the 1971 mission. Figure Z-6 presents a detailed schedule of the
PTM type approval testing for 1971.
The schedules were generated for each launch by first de-
fining the time before launch when it is necessary to initiate assembly
and checkout of the first flight spacecraft. The time required was
derived from a detailed elapsed time analysis of the tasks involved
in the launch site operation, shipping, spacecraft flight acceptance
testing, and assembly and checkout operations for both the 1969 and
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#As further subsystem design definition proceeds, the Phase II
implementation plan is completed, spacecraft configuration models
for 1971 and 1969 are completed, and system reliability assessments
finished leading toward the second key JPL design review (28th week).
The models are presented at this time and the previously submitted
Phase II planningdocuments reviewed.
The system and subsystem functional specification, OSE spec-
ification, Phase II work package, and work plan will be submitted as
revised by the design review. Structural model drawings for the 1969
test flight are prepared during Phase IB and released at the end of
this phase.
A vital factor in the schedule is the early definition of both 1971
and 1969 spacecraft, with early preparation for the 1969 test flight
using as many common subsystem designs as possible. Thus the
configuration models are proposed for Phase IB construction to be used
as design tools for spacecraft configuration development, followed
by configuration control during Phase II.
3. PHASE II SCHEDULES
Figure Z-Z presents the summary schedule of the task-time relation-
ships proposed for the 1969 flight test and the 1971 and 1973 missions.
Figure 2-3 presents the summary schedule of the task-time relationships,
for the 1969 flight test:. The summary schedule of the task-time relation-
ships for the 1971 mission is shown in Figure 2-4. Figure 2-5 presents
the detailed test facilities schedule for the spacecraft flight approval por-
tion of the 1971 mission. Figure Z-6 presents a detailed schedule of the
PTM type approval testing for 1971.
The schedules were generated for each launch by first de-
fining the time before launch when it is necessary to initiate assembly
and checkout of the first flight spacecraft. The time required was
derived from a detailed elapsed time analysis of the tasks involved
in the launch site operation, shipping, spacecraft flight acceptance
testing, and assembly and checkout operations for both the 1969 and
11 s.
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1971 efforts. The next step was to define the delivery date for each
subsystem as a function of the need date during the flight spacecraft
assembly and checkout sequence. In turn, by accounting for the
subsystem flight acceptance testing and manufacturing span, the
start date for the manufacturing of the flight subsystems was defined.
Next the time needed before the final drawing release was defined to
enable manufacturing to plan and begin fabrication. However, the
drawing release date required for the fabrication of flight spacecraft
assemblies does not account for the requirements imposed by the
need for fabricating (to flight drawing and procedures) the various type
approval, proof tested model and life test assemblies.
It is at this point in the construction of the schedule that the
policy diverges between the 1969 and 1971 effort because of the
differences in the amount of schedule time left from the start of Phase
II to the beginning of the manufacturing cycle and the requirements
for fabricating and testing the various type approval, proof tested
model, and life test models. Here the 1969 schedule requires a
degree of concurrency to allow for the insertion of the type approval
and life-test test programs, whereas the 1971 schedule allows con-
siderable margins for a conservative approach in that subsystem type
approval and subsystem life testing can be completed before start of
fabrication of flight type subsystems.
To complete the 1969 test flight schedule, the type approval
test of the subsystem units is scheduled to be completed simul-
taneously with the completion of the fabrication of the units for the
proof test model spacecraft. This concurrency is expected to
result in only minor modifications on the proof tested model units.
The subsystem drawing release date was obtained from the times
needed for fabrication and type approval test.
The time available from the start of Phase II to the start of
manufacturing of the 1971 flight units allows a degree of freedom not
contained in the 1969 schedule. There are two basic choices of how
17
best to use the available time. One choice would be to delay the 1971
drawing release date sufficiently to allow any 1969 ground test
results to be included in the 1971 design. This approach then would
require that a series of test models would immediately precede the
start of fabrication of the flight unit. The other choice is to continue
the design effort from the end of the 1969 design effort and release
the final 1971 drawings as soon thereafter as possible.
This second approach has been selected, for several reasons.
The advantages lie in the ability to start fabrication of the 197i type
approval, life test, and proof test model units at an early date,
thus, allowing these units to accumulate a significant test history
prior to fabrication of the 197i flight units. This approach can still
allow for the inclusion of design changes resulting from the 1969 test
program while at the same time providing test, procedural, and
fabrication data useful to the correction of unforeseen discrepancies
in the 1971 flight units.
Table 2-I summarizes some of the additional considerations
involved in scheduling the 1969 flight test and the 1971 mission
efforts. Table 2-2 presents the objectives for both the 1969 flight test
and the 1971 mission.
The schedules are based on a 5-dayweek, single shift operation
thus providing for accelerated effort if it is required.
Beginning early in the program, formal periodic evaluation of
the details of the planned schedule versus the actual schedule will
search for slippages. If this evaluation suggests that the planned
schedule is slipping the following will be accomplished:
a) A re-evaluation of the rest of the planned schedule
will be made utilizing program experiences of that
time and an updated schedule will be issued.
b) If the updated schedule still shows a slip from the
actual, means for accelerating the work including
overtime, will be used to bring the schedule up to
date for the next review.
G
q
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When the flight spacecraft starts into the assembly and test
operations,the formal schedule evaluation will be made on a weekly
basis. When the flight spacecraft is shipped to ETR the schedule
evaluation will be made on a daily basis.
Table 2-I. Schedule Philosophy
• Maximum use of all data learned on the 1969 flight test
• Minimum interference of the 1969 flight test on the 1971 mis-
sion schedule
• No scientific objectives on the 1969 flight test
• Conservative estimates of all tasks associated with the 1969
flight test and the 1971 mission
• The ability to take full advantage of Phase IB for Phase II
tasks if required
• 1969"flight test launch on I February 1969
• First 1971 mission launch on 15 April 1971
• Ship two flight spacecraft to ETR in 1969
• Use PTM spacecraft for life testing in 1969
• No special magnetic requirements in 1969--however, mag-
netic testing will be started at the subsystem and system
level (in-plant testing) to ascertain possible trouble areas
for the 197i design
• Minimum test program on PTM in 1969
• Two launches in 1969, I month apart
• Maximum use of the spacecraft engineering model in 1969 and
197i for interface testing.
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4. CRITICAL AREAS AND TRADEOFFS
4. i Introduction
This section discusses the critical schedule areas and associated
tradeoffs in the Voyager implementation plan. Critical areas are de-
fined as those where a failure to successfully complete a given event on
time has a high probability of either delaying the launch date or of
launching without sufficient test confirmation (i. e. , lower probability of
mission success). Critical areas are discussed in terms of two periods
of the Voyager implementation plan. The first period is concerned with
the development cycle which begins with Phase IB and ends at the comple-
tion of subsystem drawing release and type approval testing. The second
period overlaps the first, beginning with the drawing release date and
ends at launch. Tradeoffs in terms of preventive action, the use of longer
work weeks, and double shifts are identified in Section 3 above. The
following sections discuss the critical areas for the 1969 test flight and
1971 mission respectively.
4. 2 1969 Test Flight
4. 2. i Development Cycle
Evaluations of all subsystems have been made for schedule criticali-
ty. All subsystems were found to have schedule-critical items associated
with the procurement of magnetically acceptable and high-reliability parts.
Otherwise, the design and development of these subsystems contains no
critical items except as discussed here.
a. Parts
The use of high reliability parts is considered a prerequi-
site to the 1969 program if it is to be a meaningful test for the 1971 mission.
The procurement cycle for such parts (see Section V. 5) can require as
long as 14 months. The need for these parts, to be included in the type
approval and flight units occurs i0 months after Phase II starts. Procure-
ment of these parts thus is a critical area for the 1969 effort.
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Three options in approaching this problem appear feasible:
Purchasing high reliability parts from existing
production which has established production
standards commensurate with the Minuteman
type of reliability requirements (e. g. , typical of
the Motorola, Fairchild, Texas Instrument, Minneapolis
Honeywell productions). This has a disadvantage in
that the parts specifications may not satisfy either
JPL or TRW requirements or that the parts may be
unacceptable from a magnetics standpoint.
Procuring parts for the 1969 effort which are from
a lot formation to be qualified to TRW/JPL standards
but which are withdrawn for use after parameter
drift screening but before lot qualification. This
runs the risk that if a part fails the qualification
phase, the unit will either have to be rebuilt or
accepted "as is" with the pursuant risk.
Provide an approved parts list early in Phase IB
from which the designs must be selected. Identify,
during Phase IB breadboard testing, those parts
requiring a special effort to qualify as additions to
the approved list, and negotiate an early purchase
release during Phase IB for long lead time parts.
Of these alternates, TRW recommends the use of the last in that
it provides high confidence in meeting schedules and attaining a more
reliable design. This approach has been included in the Phase IB schedule
in that the approval of the parts list and procurement plan is scheduled
during the first month, the purchase orders for long lead time, high
reliability parts and components occur in the fourth month.
b. Structure
The need date for the first flight type structure for 1969
occurs 14 months after Phase II start. To attain a high confidence in
the structural design at this point it is necessary to have completed the
vibration survey and structural tests sufficiently in advance of this need
date to include any required changes. This indicates a need for these
test structures within sevenmonths of Phase II start, a critical schedule
area. The tradeoffs here include either completing detailed structural
layouts during Phase IB at the penalty of higher Phase IB costs or
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accepting a slip in the structural testing phase, which runs the risk of
slipping the PTM and flight spacecrafts. TRW and Douglas recommend
that the former alternative be selected to reduce the risk of slipping the
1969 launch. The early vibration survey test also provides and accept-
able schedule margin for the design and development of the solar array
panels. Additionally, a configuration model of the spacecraft will be
completed during Phase IB to aid in the placement of subsystems, plumbing
routing, mechanical interferences and cable routing.
c. Midcour se Propulsion
The need date for the midcourse monopropellant engine
is set by the PTM spacecraft at 18 months after Phase II start. In order
to achieve a high confidence in the engine system design at this time it
is necessary to complete assembly testing at the propulsion subsystem
level and system test in the propulsion and stabilization control model.
The latter requirement dictates midcourse propulsion system delivery
at 14 months after Phase II start.
The need date defines a critical schedule area unless the
design and development testing is initiated during Phase IB. TRW pro-
poses to proceed with the detailed design of the prototype system be-
ginning in June of 1966,with design verification testing in July and August
1966. This tradeoffinsures ahigher cost in Phase IB but provides a
corresponding higher degree of confidence in achieving the 1969 schedule.
d. Spacecraft Stabilization and Control
The need date for delivery of components and parts to begin
fabrication of the type approval hardware for the stabilization and control
subsystem is I0 months after Phase II start. Thus breadboard testing
must be completed and engineering model design started during Phase IB
to enable the release of engineering model drawings early in Phase II to
avoid a critical schedule area. The other critical area involves the long
lead time associated with the procurement of the gyro assembly. The
gyro package procurement includes early specification of the gyro design
and subcontractor selection. These factors may lead to additional cost
23
for the gyro procurement but ensures the availability of test data from
the subsystem and system engineering model in support of the final
drawing release cycle.
e. Communications and Data Handling
The fabrication of the subsystem type approval units are
scheduled for the llth month of Phase If, with a drawing release cycle
extending from the 8th to the 11th month. This requirement induces
several critical schedule areas in the development of both the communica-
tions and data handling subsystems. To avoid any delay in the 1969
schedule the following tradeoffs are proposed:
Tape recorder development with three speed
features will require development effort
during Phase IB to meet the 1969 schedule.
This will include the fabrication of an engineering
model with breadboard circuitry.
Antenna gimbal drives will be designed and
prototype models built and tested.
This approach again represents a tradeoff of higher
Phase IB costs for an increased confidence in meeting the 1969 launch
schedule.
f. Power
A critical factor in the attainment of the 1969 schedule is
the power subsystem development, which includes the design of the solar
array for the low temperature condition.
Q-boards of solar panel segments need to be
fabricated and tested over the extremes of
temperature, and in particular below -120°C.
Materials tests will be made to evaluate cell
performance and mechanical problems associated
with the glass solar cell cover.
4.2. 2 Fabrication, Assembly, and Test
The fabrication, assembly and test cycle begins with the fabrication
of the type approval units and the assembly of the spacecraft engineering
model. The type approval fabrication cycle for each subsystem is keyed
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to the drawing release cycle and the availability of the parts required.
As discussed in Section Z.Z.i, adequate precautions have been taken to
ensure a high confidence in meeting the drawing release dates and the
parts availability. No critical problem areas are seen in the fabrication
of the type approval and subsequent PTM and flight units for the electrical
units nor for the fabrication of the structure, solar array, and thermal
control equipment. A critical area does exist, however, because of the
concurrency of type approval testing and the fabrication of the PTM and
flight units. A failure at this point will require either a redesign, a
parts change, or a process change and could (depending on the nature of
the required change) slip the delivery of the PTM and flight units. Although
the likelihood of a design failure is low in the light of the development
and test cycle on the engineering model, a parts change or a process
change could induce a one- to two-week delay. If a failure is found, the
technique used to circumvent delay will include:
a) A task force working on an accelerated schedule
to determine the cause of the failure, recommend
corrective action, and expedite the rework through
the fabrication and test cycle.
b) In the event that the rework schedule is such that
the above action is not completed in time to meet
the need date for either the PTM or flight space-
craft, substitute hardware (e. g., engineering models)
will be used to continue the assembly and checkout
sequence. The spacecraft assembly and checkout
schedule can be adjusted to accommodate the reworked
unit at a later point in the schedule. Here again the use
of an extended work week, overtime; and double shifts
can be used to include the assembly and checkout of the
reworked unit in the PTM or flight spacecrafts on a
non-nominal interference basis.
The failure of the flight unit during flight approval testing presents
a similar problem and requires a similar approach to recover. Here,
however, the types of failures encountered are likely to be more of the
workmanship and random part failure than of design deficiency. These
types of failures do not present the likelihood of long rework and retest
cycle in that replacements can be made and rework done on spare assem-
blies already in process.
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The next possible critical area occurs during the assembly and
checkout operations of the PTM and flight spacecraft, arising from the
constraint that each operation on the flight spacecraft be preceded by
the completion of that operation on the PTM. The kinds of problems en-
countered at this point in the schedule usually include mechanical inter-
ferences, intersubsystem electrical incomparability, OSE incompatibility,
and procedural and computer programming difficulties. The likelihood
of these types of problems occurring is low because of the previous
experience gained in the assembly and checkout of the spacecraft engineer-
ing model and the updated spacecraft configuration model.
Mechanical interferences can be checked against the configuration
model as part of the subsystem flight approval cycles. Electrical, pro-
cedural, and programming difficulties can be obvaited by temporarily by-
passing that step in the sequence while the changes required are checked
out on the engineering model, and by assigning a special task force on an
extended work schedule to work out the solution. The deficiency can then
be corrected later in the schedule on a noninterference basis. The choice
of which of the two approaches to use depends on the nature and severity
of the problem. Sufficient schedule margin over the flight spacecraft
assembly and checkout sequence can be readily maintained.
A critical area may exist in the event a major failure occurs during
PTM type approval testing. The first two months of testing include vibra-
tion and space simulation testing. This phase of testing uncovers most
existing design deficiencies. It is programmed for completion one month
prior to the beginning of flight spacecraft acceptance testing, which allows
incorporation, on an accelerated basis, of reasonable changes.
Additional slack time is still available beyond the completion of
flight acceptance testing in two ways. The first exists because of the
conservative launch site schedule of Z months, which can possibly be
shortened to I month by an accelerated effort and by the real possibility of
shipping the spacecraft in a completely assembled configuration, and per-
forming a systems test without breaking configuration, and then proceeding
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with on-stand operations. (This is being done on the OGO-C launch from
WTR, reducing the launch site time to at least half of that otherwise
required. ) The second possibility lies in utilizing the remaining portion of
the launch window.
4. 3 1971 Mission
The 1971 mission schedule (Figure 2-4) shows that there are no
critical schedule areas in the development cycle. The drawing release
cycle occurs during late 1967 and early 1968, thus providing a develop-
ment time of approximately 24 months from Phase IB start or 1 6 months
from Phase II start. This time is considered more than adequate con-
sidering that much of the 1971 designs are identical to those for 1969 and
that the fabrication and test of the 1971-peculiar engineering models are
scheduled for completion prior to the start of the 1971 drawing release
cycle. In addition, the subsystem fabrication and type approval cycle is
such as to allow 7 months for design adjustments if needed before be-
ginning fabrication of the flight hardware. The start of flight fabrication
is so placed as to allow for the inclusion of the 1969 test results up to
and including the early portions of the test flight as well as the results of
the 1971 subsystem life testing.
In the case of a failure in the 1969 test flight, there is still sufficient
time to include changes in the 1971 spacecraft as late as 14 months after
1969 launch. A failure occurring during PTM type approval testing is
most likely to occur during vibration or space simulation testing. This
portion of the PTM tests is completed by the end of December 1969,
allowing approximately 6 months to include design refinements. The
1971 life test model is scheduled to enter life test in August of 1969 and
could proceed as long as 8 months before a detected failure would pose a
1971 launch schedule problem.
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ILl. EFFECTS OF THE 1969 TEST FLIGHT ON THE 1971 MISSION
The 1969 test flight program will contribute significantly towards
improving the probability of a successful 1971 mission. The 1969/1971
subsystem and system designs are essentially identical as indicated in
Section I above. Differences exist in structural loading and thermal
and electromagnetic interactions, which are attributable to the particu-
far configuration arrangements, power availability and weight. The
boost phase environment differs in that a different launch vehicle is
planned, but the ensuing phase provides an accurate simulation of the
coast environment.
The major factor which contributes to improving the success of
the 1971 mission is the completion of the 1969 ground and flight test
program (see Sections IV 3 and V 6). The 1969 ground test program
begins to provide significant data on the performance of the subsystems
during the engineering model phase. The problems arising from pack-
aging provide meaningful data for gaining confidence in the final design.
The engineering model test phase provides performance data over a
wide range of design conditions such as temperature, vibration, mag-
netic characteristics, and power levels. Additional confidence is
attained in terms of subsystem size, weight, and power consumption.
Subsystem testing, using engineering models, also provides for a veri-
fication of internal subsystem and OSE compatibility. The extension of
engineering model testing to the spacecraft levels provides for testing
of intersubsystem compatibility, over-all spacecraft performance
characteristics, magnetic characteristics, final verification of configu-
ration arrangement, electromagnetic interface, and OSE and facilities
checkout.
The completion of the 1969 subsystem type approval testing pro-
vides for high confidence in the proper functioning under severe environ-
ment conditions and verifies the procedures and processes used in the
manufacturing phase. Failures uncovered during this test phase are
useful in correcting design deficiences in the 1971 hardware. The
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extension of type approval testing to the proof test model spacecraft
will again prove the performance characteristics of the major portions
of the electrical subsystem which are applicable to the 1971 design. The
process of assembly and checkout of the 1969 proof test model provides
an opportunity to validate a large portion of the 1971 operational support
equipment, assembly and checkout procedures, computer programs, and
test facilities.
An important test benefit is provided by the 1969 ground test pro-
gram in terms of providing reliability data on parts, subsystems and
systems. Life testing of the 1969 proof test model spacecraft (see
Section IV 3.7.2) will add to the confidence in the ability of the subsystem
designs to survive the expected life requirements.
The completion of the 1969 launch and prelaunch operations with
the two flight spacecraft and the engineering model spacecraft will pro-
vide a means of rehearsing and validating much of the 1971 operational
support equipment, launch control equipment, procedures, checkout
operations, on-stand operations, and terminal count procedure.
The data received from the 1969 test flight through powered flight
and guidance acquisition will further ensure confidence in the subsystem
designs. As the flight progresses, more meaningful data on the per-
formance and survival of the subsystems will add confidence in the
success of the 1971 mission. Failures occurring during early fligl_t will
provide design data for use in the 1971 design.
The conduct of the 1969 test flight effort also provides additional
confidence in the success of the 1971 mission in the following areas:
a) Crew Trainin G . The assembly, checkout, test, and
launch crews will receive real experience in the conduct
of their respective operations. The conduct of the engi-
neering model and proof test model interface also add
to crew training at the Deep Space Network, Spacecraft
Flight Operations Facility and mission operations
support centers.
b) Procedure and Computer Program Checkout. A large
portion of 1969 test proceclures and computer programs
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will be directly applicable to the 1971 mission. The
1969 test effort provides an opportunity to validate these
documents.
OSE Checkout. Here again, a great deal of the OSE
used in the 1969 effort is identical to that used for the
197t mission, and the conduct of the 1969 effort pro-
rides an early opportunity to revise and validate this
equipment and to improve the design in terms of
failure dote ction.
Test Facility Checkout. It is planned to use the same
test facilities for the 1969 test flight spacecraft as for
the 1971 mission spacecraft. The use of the 1969 equip-
ment in these facilities will provide a high confidence in
their design and operations.
Manufacturing Checkout. The identical designs of much
of the equipment fabricated for both the 1969 and 1971
programs permit a checkout of the manufacturing pro-
cesses, assembly, lines, test equipment, and software
controls. This will contribute to the confidence in
fabricatiug high quality 1971 equipment and on-schedule
performance. The qualification of the various vendors
and subcontractors will be verified.
Schedule Confidence. The performance of the 1969
program provides high confidence through learning in
performing to the 1971 schedule. Thus, the ability to
"launch on time" is greatly enhanced by the 1969 effort.
Customer Interface. The working relationship between
JPL and _W will be completely worked out in every
phase of the program prior to the 1971 mission.
Subcontract Interface. The working relationship between
TRW and its subcontractors will be completely worked
out in every phase of the program prior to the 1971
mi s s ion.
Tests. It will not be necessary to repeat breadboard,
engineering model, type approval, and Life testing on the
assembly level for assemblies that are not redesigned or
changed from the 1969 flight to the 1971 flight.
j) Drawings. It will not be necessary to release new draw-
ings for assemblies that are not redesigned or changed
from the 1969 flight to the 1971 flight.
k) Spares. Spare 1969 assemblies that are not redesigned
or changed can be used for the 1971 spacecraft.
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IV. TEST PLANNING
1. INTRODUC TION
The test activity and the test management program required for
the Voyager project will begin with the selection of parts and continue
through subsystem development, system assembly and checkout, sys-
tems testing, and launch. In this context, the test plan described in the
following paragraphs has been constructed so that it is applicable to both
the 1969 flight test spacecraft and to the spacecraft systems required
for the 1971 Voyager mission. For additional clarification, the plan
contains a separate discussion which describes the effect that the test
data required from the 1969 flight test will have on the 1971 mission.
The over-all responsibility for implementing the test plan is the
function of a special organization, the Test Office, reporting to the pro-
ject manager. Supporting the project manager and the Test Office will
be a Test Board {Figure 4-I), which has as its function the establishment
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Figure 4-1. Interaction of Test Office with
the Major Program Elements
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of policy for activities directly relating to the test program. This
board will review the functions and technical output of the Test Office
and will coordinate with the Jet Propulsion Laboratories in appraising
and updating the integrated test plan and project management activities.
Z. THE TEST OFFICE
The importance of reliability and the magnitude of the test program
required to develop the Voyager spacecraft has necessitated the establish-
ment of a central test planning control, review, and reporting function.
TRW proposes to satisfy these requirements by establishing a Test Office.
The personnel assigned to this office will include full-time senior engi-
neers who are experienced in each of the test disciplines. These engi-
neers will report to a chief test engineer. Other support required by
this office will be obtained from the responsible organizations.
Reporting directly to the Voyager project manager, the Test Office
will be responsible for the following tasks:
a) Plan and implement a parts and materials program in
accordance with Paragraph 3. 9 of NPC-250-I.
b) Establish development, type approval, magnetics, re-
liability, interface, and design verification test require-
ments.
c) Prepare and maintain the integrated test plan; define the
role of each test in the evaluation of system performance
and reliability.
d) Establish the test plan schedule, evaluate and approve de-
tailed test procedures in light of the test requirements,
monitor test performance, and evaluate test results.
e) Define the use of test results in assessing the validity of
reliability models and in correcting de sign deficiencies.
f) Participate in formal design reviews and approve de-
tailed test plans as follows:
First Desisn Review. Review and analyze the subsystem
development test program; review and approve detailed
test procedures for breadboard testing; review pro-
posed parts list and test program; identify parts re-
quirements and prepare for JPL approval per Paragrap h
3.9 of NPC Z50-i.
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Second Design Review. Reivew, analyze, and critique
_readboard test results; review and approve subsequent
testing, including engineering model test plan and detailed
test procedures, as well as preliminary plan for qualifi-
cation te sting.
Third De sign Review. Review, analyze, and critique
results of engineering model test phase, review and ap-
prove subsystem type approval test plan and procedures
for manufacturer in-process tests and flight acceptance
test; review and approve preliminary test plan for space-
craft assembly, checkout, test approval, flight approval,
life testing; establish schedule for submission of detailed
test schedule including dates for submission of detailed
test procedures for approval.
g) Prepare monthly test program status reports and update the
integrated test plan; coordinate test change requirements
requirements with the Test Board, with JPL, and with pro-
gram management.
h) Monitor each engineering change order for inclusion in test
plans and procedures; advise the Configuration Manage-
ment Board of the impact of the engineering change order
on test validity.
i) Maintain a current log of all tests, test results, and failure
reports; prepare a comprehensive analysis of test results
for each functional element of the spacecraft system and
subsystem to estabish the level of confidence in the ade-
quacy of the system design to satisfy the Voyager mission
requirements.
3. INTEGRATED TEST PLAN
3. 1 Scope
The integrated test plan will provide for the sequential testing of
spacecraft parts, subassemblies, assemblies, subsystems, and the com-
pleted spacecraft. The exceptions to this sequence involve parts selec-
tions which occur during the development and magnetic testing and the parts
procurement activity that continues throughout the life of the project. Be-
cause of the possible schedule effect, these tests must be identified early
in the program.
After the selection andtesting of parts, andwhen parts magnetic testing
has been completed, the development test cycle will be initiated. This
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test cycle constitutes the initial phase of subsystem testing; it will in-
clude breadboard testing, testing of the engineering model, type ap-
proval model tests, and life tests.
The next phase of subsystem testing includes the in-process manu-
facturing tests and subsystem flight acceptance testing.
The system test cycle begins with tests of the spacecraft engineer-
ing model and continues through the proof test model (PTM), the life tests,
and the flight spacecraft acceptance testing. A similar test cycle (see
Volume 6) will occur during the development of the OSE system.
A typical subsystem development test cycle begins with breadboard
testing to develop the design details and, in addition, produces:
• Lists and specifications for material, parts, and
processes
• Specifications for subcontract items
• High confidence system design data covering reliability;
size, weight, and volume; thermal dissipation; and
power consumption
• Test procedures for engineering model tests.
Thus, the completion of breadboard testing provides detailed, high con-
fidence data to the spacecraft system designers; provides detailed lay-
out and schematics for the initiation of the design of the engineering
models; and provides an early identification of parts and material re-
quirements.
The next major subsystems test phase consists of testing engi-
neering models. The completion of this series of test produces:
• Released drawings and specifications
• Full design margin test results
• Demonstration of size, weight, and volume; thermal
characteristics, power consumption; magnetic problem
areas; intrasubsystem compatibility; and functional
performance
I
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• Test procedures for type approval (TA) testing
• Engineering models for the engineering model (EM)
spacecraft
The successful completion of the EM test phase provides firm design
data for the spacecraft systems design and supports the final release
of drawings to enable manufacturing and subcontractors to proceed with
a high confidence of producing reliable end items.
The next phase of subsystem testing encompasses the type approval
and life testing of items produced in accordance with final released
drawings and specifications. Successful completion of this test phase
obtains a high level of confidence for the subsystem design. Since
failures occurring at any point during type approval and life testing
may create a design or schedule slippage problem, any such failures
will be reported to the Test Office as part of the normal TRW failure
reporting system. Follow-up action is instituted if the cause of
failure will affect the design, schedule, or reliability.
The next phase of subsystem testing occurs when the flight hard-
ware is manufactured. This test sequence includes in-process testing
and environmental acceptance testing. These tests make it possible
to evaluate workmanship and reliability during the fabrication of sub-
system units.
At the system level, the first tests occur during the assembly
This in-processand checkout of the engineering model spacecraft.
testing sequence demonstrates:
Inte rsubsystem compatibility
OSE- space craft compatibility
Final procedures and computer programs for PTM
assembly and test
Spacecraft environmental test facilities
• Spacecraft magnetic properties
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• Spacecraft-DSN compatibility
• Spacecraft electromagnetic compatibility.
• Crew training
Successful completion o£ the in-process test phase establishes high
confidence in the functional operation of the spacecraft system and its
associated OSE.
The subsequent spacecraft testing activity includes type approval,
flight acceptance, and life testing. The successful completion of the
type approval test demonstrates high confidence in the design and fabri-
cation of the spacecraft system; flight acceptance testing identifies
correctness of workmanship and qualification of the spacecraft for flight;
and life testing provides data relating to the expected life of the space-
craft system.
3.2 Voyager Project Test Matrix
The test matrix shown in Table 4-1 describes the sequence of test
events and the elements of equipment involved. The column at the left
of the matrix lists the elements to be tested in a program sequence from
start to completion. Each facet of the testing program is discussed in a
time-sequenced order and is keyed to the paragraph numbers shown in
the corresponding columns across the top of the page. The test pro-
gram consists of the six major phases listed below:
• Parts Selection (Section 3.3).
with the selection of parts
• Magnetic Testing (Section 3.4).
to meet magnetic requirements
Testing associated
All testing required
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Development Testing (Section 3.5). All testing on
breadboard and engineering models associated with
design margin, environmental, and intrasubsystem
testing to evaluate the feasibility of a particular
de sign concept
Manufacturing Testing (Section 3. 6). All testing associ-
ated with parts reliability, in-process testing, and
assembly and subsystem flight acceptance
Type Approval and Interface Te sting (Section 3.7).
All proof testing, life testing, and design margin
testing on flight type hardware; all possible inter-
faces, intrasubsystem, intersubsystem, and space-
craft external interface testing
Assembly Testing (Section 3.8). All integration testing
flight acceptance testing, and launch operations testing
associated with the total spacecraft.
The interface type approval test program shown in colum_,_ 3.7
of the matrix (Table 4-i) is described in Table 4-2. During succeeding
discussions (Paragraphs 3. 3 through 3.8) the terms "Parts, " "Sub-
assemblies, " "Assembly, " "Subsystem, " and "System" are defined as
follows:
Parts. The next level of complexity below subassembly
which can be tested and has parameters that can be
evalu ate d.
® Subassembly. The next level of complexity below an
assembly, or a significant portion of an assembly,
which when integrated with other subassemblies or
parts, forms an assembly.
Assembly. The next level of complexity below a subsys-
tem, which when integrated with other selected subassem-
blies, forms a subsystem.
Subsystem. A major, substantially independent functional
grouping of equipment, which when assembled and com-
bined with all other subsystem:_, forms a system.
System. One of the principal functioning entities com-
prising the Voyager space system. A system is the
major subdivision of a space system; e.g., launch
vehicle system, spacecraft system.
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Table 4-2. Interface Type Approval Testing
Test Purpose Equipment Used When
I. Subsystem-panel compatibility in the
electrical sense, not necessarily
mechanical
2. Subsystem compatibility tests,
electrical and mechanical
3. Subsystem-OSE compatibility,
panel-OSE compatibility
4. Intersubsystem (system),
STC compatibility
5. Spacecraft-LCE
Compatibility
a. Redondo Beach
b. AFETR
6. Spacecraft -capsule
compatibility
7. Spacecraft -DSN-MDE
compatlbility
Spacecraft communications-
MDE-DSIF compatibility
Verify that the individual subsystem black boxes
can operate together as a system.
Ascertain that all of the subsystem interfaces
perform properly, including noise and tran-
sients tests, signal compatibility, and RF
compatibillty.
Verify that the OSE and spacecraft are com-
patible. The compatibility tests include sys-
tems test set EOSE, the panel test EOSE,
and the mechanical OSE.
Verify that the individual subsystems are not
being interferred with by another subsystem and
that a given subsystem interferes with no other
subsystem.
Verify that the hangar assembly area, block
house, and gantry facilities are ready to
support the launch of two flight spacecraft.
Ascertain that the spacecraft does not interfere
with or degrade the capsule operation, that the
capsule does not interfere with or degrade the
spacecraft ope ration.
Verify that the TaW-supplied equipment is com-
patible with the DSIF and SFOF facilities.
Verify that the spacecraft telemetry data is com-
patible with the DSIF and SFOF equipment, and
that the DSIF equipment is compatible with the
spacecraft airborne receivers
Prototype subsystem- Prior to PTM
panel in EM spacecraft assembly
Flight approval sub- Prior to flight
systems in PTM spacecraft
spacecraft assembly
EM and PTM systems Prior to delivery
from (I and Z) above to systems test
and panel assembly area
from (1 and 2) above
EM spacecraft and Completed on
PTM EM and veri-
fied on PTM
ECM and PTM
spacecraft at
Redondo Beach
EM and/or PTM
spacecraft at ETa
PTM spacecraft and
PTM (type) capsule
Spacecraft simulator
and MDE and PTM-
MDE
Spacecraft simulator
with proto subsystems
MDE at DSIF
Completed prior
to start of flight
spacecraft assem-
bly and checkout
Completed prior
to flight space-
craft flight
app royal
Prior to assem-
bly and check-
out of flight
spacecraft
Completed prior
to start of PTM
te_t. During
PTM test.
8. Spacecraft MOS
Spacecraft, launch vehicle
system
a. Interface adapter,
Centaur
b. Launch comples
I0. AHSE spacecraft
c ompatibility
II. Test facilities-spacecraft
compatibility
o Chamber
o Shaker
o Acoustic
o Magnetic
Establish a RF or hardline link between Taw
and JPL to verify that the DSIF and SFOF equip-
ment and computer programs work properly.
It is planned that the EM spacecraft will be
transported to the Ooldstone DSLF station for
compatibility testing.
Verify that the spacecraft can be mated properly
to the Centaur launch vehicle and that adequate
clearance exists between the spacecraft and
nose fairing. In addition, all electrical um-
bilical functions will be checked through the
Centaur to the spacecraft, and the RF nose
fairing coupler losses will be determined.
Verify that the various handling fixtures are
compatible with both the spacecraft and capsule
Ensure that each test facility is compatible
with the spacecraft.
a) MDE installed at DSIF prior to com-
b) Software completed pletion of PTM
c) Spacecraft simulator test
d) and/or EM RF link to
Goldstone
e) EIVi spacecraft at Goldstone
pTM_Centaur adapter After completion
and nose fairing at of PTM test
Sycamore Canyon, if (schedule depen-
schedules prohibit dent)
using structural
model
First
T?"'_pacecraft simulator As early as poss-
Z. LCE at ETa ible, using L V
5. LV simulator and simulator and
comples LCE at launch
complex
Second
_/PTM spacecraft Immediately after
Z. LCE at ETa erection of LV
3. LV vehicle complex test vehicle
4. PTM capsule
1. Structural model Prior to use on
Z. AHSE PTM
I. EM for electrical At least Z months
checks and struc- prior to use by
tural model for PTM
mechanical check
2. Verify with PTM At least 1 month
prior to use by
flight spacecraft
12. AFETR-LV-spacecraft Ensure that each spacecraft facility is corn- PTM ....
systems compatibility patible with the spacecraft _,_._v-_w_ _-_._,_.._
acec ' - _erify that the various scientific experiments PTM spacecraft Prior to PTM %
i_ science payload compati- do not interfere with the spacecraft operation test \
bility and that the spacecraft operations do not
interfere with any experiment operation .....
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3. 3 Parts Selection
The primary aim of the parts selection task is:
Selection of part types which have previously been
qualified to space application environments similar
to the Voyager program
Establishment of suitable controls to assure that part
applications are well within the capabilities of individual
part type s
Identify as critical items those parts which are new or
life-limited and to establish controls and design pro-
cedures to control the application of these items
Selections and/or development and enforcement of part
specifications which will contain complete part descrip-
tions, performance requirements, associated test pro-
cedures, qualification, inspection, and preconditioning
requirements
• Selection of new parts
3.4 MaGnetic Testing
3.4. I Parts
Parts and materials to be used on the Voyager spacecraft will be
tested for magnetic cleanliness at incoming inspection in four phases:
Preliminary tests and studies to determine what parts
are inherently nonmagnetic; these are known as
Class I parts
Determination of the magnetic field criteria for all other
single parts using a preliminary parts list. All parts
which are expected to exhibit some small amount of
residual magnetism are known as Class II parts
Tests of all parts considered for the, spacecraft to generate
a magnetically clean approved parts list
Incoming inspection test, i00 per cent at the part or
module level.
The criterion for the nonmagnetic Class I parts is less than 1 gamma
at 3 inches after exposure to a magnetizing field of 100 gauss. The cri-
terion for Class II parts {expected to have some permanent magnetic
4O
field) is that the maximum magnetic field measured at 3 inches from the
center of the part should not exceed 5y after exposure to a 100-gauss field
when the parts leads have been trimmed to 1/8 inch. These parts criteria
are used in the generation of a magnetically approved parts list. However,
there are some "problem parts" whose field cannot be brought down to
below 5_(at 3 inches after magnetization. These problem parts are some-
times approved for limited use provided there is no nonmagnetic replace-
ment for the part and redesign is impractical, the field of the part is not
extremely high, and only a small number are used on each spacecraft.
These problem parts will be kept to a minimum in the spacecraft.
Tests will be performed to qualify parts and materials as magnet-
ically clean according to the magnetically clean parts criteria. This in-
formation will be incorporated into the JPL-approved Voyager approved
parts list. This list designates those parts which must be used wherever
possible in the design of the spacecraft. When a subprogram manager
feels that a part not on the approved parts list must be used, it is required
that a parts deviation form be filled out and the part sent in for magnetic
test. If the part does not satisfy the magnetically clean parts criteria
it will be considered a special problem part. An entensive search for the
nonmagnetic equivalent part is then initiated.
3.4.2 Magnetic Testing of Subassemblies and Assemblies
During the development phase, breadboard circuits, especially
those containing high current levels, will be tested. The purpose of
breadboard testing is to determine whether circuit currents will create
a magnetic field problem. When the assembly layout and packaging is
designed, all possible means are taken to minimize the field. In general,
all engineering models suspected of having troublesome magnetic char-
acteristics are tested, both operating and nonoperating, to verify that
the dynamic magnetic field of the assembly caused by current flow has
been minimized.
Particular attention will be given to solar cells to check for mag-
netic effects of manufacturing procedures. Complete magnetic field
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measurements will also be obtained for the mounting arrangement of the
traveling wave tubes. During verification tests at Table Mountain, the
solar array for the PTM spacecraft will be exposed to natural sunlight,
and effects of current loops in the array will be measured. For this
reason, it is not necessary to determine the permanent magnetic field
of the solar array during spacecraft tests.
Each type approval and flight assembly model will be placed in a
magnetic test fixture and its magnetic properties determined using the
coilless method of testing. This method consists of measuring the mag-
netic field with flux-gate probes compensated to remove effects of the
earth's field. In the first type approval magnetic test (pre-environment}
the magnetic field of the assembly is measured as received; no attempt
is made to magnetize or demagnetize the assembly. In the second type
approval magnetic test (post-environment}, and for flight units, the mag-
netic field of the assembly is measured in three conditions: as received,
after magnetization in a 100-gauss field, and after demagnetization.
Me.asurements will be made with the assembly both operating and non-
oper atin g.
3.4. 3 Magnetic Testing of Spacecraft
Magnetic tests of the spacecraft are the same as for subassemblies
and assemblies except that the assembled spacecraft will be tested. The
level of the magnetizing field is 25 gauss.
3.5 Development Testin_
Breadboard testing provides the designer with a means for assessing
performance with minimal effort and delay, but the usual open breadboard
format, while facilitating circuit layout and revisions, has insufficient
resemblance to the flight configuration to yield generally applicable data.
Engineering models, close to flight configuration, extend the
valid area of development testing beyond the limitations of the bread-
board. Although they are available later than the breadboard units,
engineering models permit design testing at a relatively early stage in
the program and make it possible to verify compatibility with the
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operational support equipment, to train test personnel, and to check test
procedures which will be employed for flight units.
Using the breadboard and engineering models, four types of
testing are categorized as development tests:
O Design margin testing determines the validity of design
margins. In each case significant stress parameters
are applied in increasing steps starting at flight levels
and going up to design maximams.
Environmental tests are performed to the extent possible
to obtain early information on environmental effects on
designs. The breadboard testing may be limited to high
and low temperature testing due to the limited validity
of other environmental exposures. Engineering models,
however, are exposed to all possible environments.
Internal subsystem testing is started at the breadboard
level and continues at the engineering model level to
obtain early elimination of intrasubsystem problems.
Intersubsystem testing is started with the engineering
models and continues in the spacecraft engineering model
assembly to obtain early elimination of intersubsystem
problems.
3. 6 Manufacturin G Testing
The three types of testing categorized as manufacturing tests con-
sist of:
• Part reliability testing
• Manufacturing in-process testing
• Manufacturing flight acceptance testing.
Parts electrical and environmental testing will be performed on
all part types used on the Voyager spacecraft for the purpose of pre-
dicting reliability with a high confidence factor. A typical part reliabili-
ty testing sequence is shown in Figure 4-Z. Parts testing as distinguished
from parts screening does not necessarily increase reliability of the
parts but increases the confidence factor associated with the reliability
prediction of a specific lot.
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CENTRIFUGE SHOCK 150OF 1000 HOURS
SAMPLE ONLY
Figure 4-2. Typical High Reliability Parts Testing Sequence
Checkout tests will be conducted on electrical subassemblies and
assemblies during their fabrication to assure their electrical integrity
prior to type approval or acceptance testing. Thus, potential delays
resulting from deficiencies are greatly reduced.
Acceptance tests for assemblies and subsystems consist of sub-
jecting assemblies and subsystems to the kinds of environmental ex-
posure levels anticipated during launch and orbit. The test levels and
exposure will be defined in TRW specifications. A typical assembly
acceptance test sequence is shown in Figure 4-3. The purpose of these
tests is to assure the performance requirements have been met, that
the equipment is free from defective workmanship, and that it will sur-
vive the flight environments. The environmental exposures during
acceptance test differ from qualification test in that only two stresses
are considered, vibration and thermal-vacuum. These stresses are
de scribed below:
Vibration. Flight assemblies will be subjected to vibra-
tion tests. Only sinusoidal vibrations will be applied.
Thermal-Vacuum. Thermal-vacuum tests will be per-
formed with the assembly mounted in a manner thermally
simulating the attachment of the assembly to the space-
craft structure. Tests will be conducted at maximum and
minimum predicted assembly temperatures. The assembly
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Figure 4-3. Typical Voyager Flow Chart, Assembly Flight Approval
will be sufficiently instrumented to insure measurement
of realistic assembly maximum and minimum tempera-
tures. During evacuation the assembly will be operated
in the condition typical of the launch phase, and corona
effects will be monitored throughout evacuation. Tests
will be conducted under stabilized temperature and pres-
sure conditions with the assembly operating. For
cyclically-operated assemblies ("on-off" orbital opera-
tion), cold start capability will be demonstrated during
the exposure. Performance of the assembly will be veri-
fied during and after the exposure.
3.7 Type Approval Testing
3.7. I Proof Testing
Type approval tests are performed on type approval assemblies
and the proof test model spacecraft for purposes of qualifying the design.
{Figure 4-4. ) The _ests will be conducted in accordance with TRW-
prepared and JPL-approved environmental specifications. Assemblies
and spacecraft to be tested will be subjected to the following environ-
mental exposures:
• Vibration • Magnetic Properties
• Shock • Temperature
• Humidity • Acoustics
• Linear Acceleration • Space Simulation
{the rmal-va cuurn)
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Figure 4-4. Type Approval Testing
These tests are a series, more stringent from an environmental
viewpoint than are conditions anticipated for transportation, handling,
storage, launch, and flight. The type approval articles are considered
to be flight type hardware. Spacecraft type approval testing is described
in subsection 6 of Section V.
Particular emphasis will be placed upon searching for design
deficiencies and keeping accurate test records, failure and rejection
reports, and engineering data. Production engineering and fabrication
personnel will be kept completely informed of design deficiencies" as
they are revealed and their recommendations will be solicited so that
the effects on the fabrication and acceptance test cycle can be minimized.
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3.7. Z Life Testin G
As a supplement to margin testing, life testing is important for
its contribution to the demonstration of reliability. Life testing accom-
plishes this in two ways. First, the repetitive performance of certain
equipment functions verifies the absence of systematic failures caused
by fatigue or wearout (if the number of cycles is large enough). Second,
the accumulation of operation time at mission levels contributes to the
validation of functional performance over the specified test time.
It is not intended that every assembly be subjected to life test
since such a procedure, although technically useful, is excessively
costly and time consuming. The complete Voyager test program in-
cludes life testing at several levels, all contributing tothe demonstra-
tion of assembly reliability. The only assemblies that will be considered
for component level life testing will be those for which existing reliability
and life data, from prior flight experience or from parts level tests, are
incomplete. Life testing at the assembly level has obvious advantages
over tests conducted on a complete system because early testing of
assemblies makes it possible to proceed more rapidly with subsystem
development. This advantage is also valid (to a lesser extent), when
compared to subsystem level testing. The absence of interactions is
the prime disadvantage encountered in component-level life tests; for
this reason, each subsystem will be analyzed in terms of its in-line
effect on reliability and the requirements for subsystem life testing
"11wxx_ be based on the criteria thus obtained.
The project schedule does not provide for real-time mission life
testing of components before the first flight. The importance of life
tests is such, however, that the required testing should begin as soon as
possible and continue after the launch. The results of such tests will be
useful in several ways. First, if a systematic wearout or life-limiting
mode is evidenced in time, a redesign may be instituted. If a failure
mode is revealed during the life test conducted after the launch of a
flight spacecraft, it may provide important data that flight operations
personnel can use in the preparation of programs designed to avoid or
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counteract that failure mode. Conversely, if a failure occurs in the
flight vehicle, the life test spacecraft will be a useful model to test
the effect of corrective commands. Finally, the results of the real-
time life test will be available for later flights.
a. Sub.system Testin 8
One approach to life-testing electrical subsystem under
thermal-vacuum environment is based on the assumption that reliabil-
ity can be demonstrated by testing sufficient numbers of subsystems
for a prescribed amount of time (and duty cycle) so that the product of
the number of subsystems and the test duration time (and operating
cycles) is equal to, or greater than the product of the predicted mean
time between failure (MTBF) and an assigned factor, K. This factor
is assigned as a confidence indication and will vary between 2 and 8 de-
pending on the functional characteristics of the subsystem and its in-
line effect on the over-all system reliability. Thus, if a given sub-
system has a MTBF of 3000 hours, a K factor of 2, using a test dura-
tion of 4000 hours, the minimum number of subsystems to be tested
would be 2. This approach will be used for subsystem life testing,
however, consideration of cost and schedule, will probably require
deviations.
For mechanical environments, the test approach will be
planned on the basis of the time a component or subsystem is exposed
to the test environments rather than on MTBF. This method is pro-
posed because (in the mechanical aspectl the MTBF would be very much
in excess of the exposure time. Applying this reasoning, viz. , the
product of the number of subsystem elements and the test time must
exceed the product of exposure time and the K factor, it follows that
one sample more than satisfies this criteria, however, TRW proposes
to subject no less than two subsystems to mechanical life tests. The
sample size, in this case, would be expanded by the inclusion of the
type approval and flight acceptance vibration tests.
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To demonstrate reliability, selected quantities of single-
occurrence functional elements (such as pyrotechnics) will be obtained
from a common lot. Such elements will be identified and a statistical test
rationale will be derived during the Phase IB and II development cycles.
Mechanical subsystems, such as structural, thermal louvers,
and deployable booms, will need to be subjected to design margin testing,
under adverse conditions, to establish possible failure modes; func-
tional acceptance tests will be required to ensure performance.
b. System Life Testin_
The economic and time restraints of testing limit the number
of spacecraft life tests models to one or two. Here again, confidence
is bolstered by the test of the proof test model, the engineering model,
and the flight spacecraft. Thus, TRW proposes that only one life test
spacecraft be tested for the t97i mission and that the proof test model
be used as a life test model for the 1969 test flight. In this test config-
uration, the test environment would be limited to thermal-vacuum con-
ditions. The following test approaches might be employed:
• Install life test spacecraft in the thermal-vacuum
chamber at vacuum; operate spacecraft at a
nominal temperature as established by solar
simulation tests; cycle through mission sequence
periodically such that a sufficient number of cycles
are obtained to satisfy a reliability assessment; estab-
lish test duration on the basis of the MTBF of various
subsystem elements as weighed by their in-line effect
on mission reliability. Once this point is reached, the
test environment could be made more severe (e.g.,
higher temperature) and the test repeated.
• Test configuration same as above, test duration set by
real-time.
Spacecraft the same as above, but set an arbitrary
test cycle of 40 days at nominal temperature, 40 days
at elevated temperatures, and 40 days at depressed
temperatures. The choice and rationale of the system
level life testing will require further study and defini-
tion during Phase lB.
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3.7. 3 Design Margin Testing
Design margin testing makes use of the T/A units and PTM space-
craft that have been proof tested. For each element, significant stresses
will be applied in increasing steps beginning at type levels and continuing
to the design maximums.
3.7.4 Interface Testin_
All interface tests will occur at the earliest opportunity; such
tests will be initiated at the lowest practical assembly level and con-
tinued through the highest assembly levels.
3.8 Assembly Testin$
The subsystems will be subjected to checkout tests as they are
assembled to form the spacecraft. This procedure will insure that
the functional integrity of subsystems and the system is maintained prior
to spacecraft type approval or acceptance testing. An example of as-
sembly testing is shown in subsection 6 of Section V.
Spacecraft flight approval tests are designed to ensure that the
flight and life test spacecraft have been properly fabricated and assembled,
that performance meets specifications, and that the integrated spacecraft
is ready for launch. Acceptance testing combines electrical and mechani-
cal functional tests performed during or after the subject items have
been exposed to space simulation and vibration environments at stress
levels commensurate with the projected launch and orbital environments.
The proposed spacecraft acceptance test cycle is contained in Appendix A.
Spacecraft space simulation testing will be performed under vacuum
conditions with realistic solar simulation. This will require a vacuum
chamber with a high quality collimated solar beam approximately Z3
feet in diameter. The detailed design requirements for this facility
will be provided in the proposal for Phase [B.
Subsystems and systems of the spacecraft will be subjected to
checkouts tests during the launch operations to assure the integrity of
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the subsystems and systems prior to launch. An example of launch
operations testing is contained in subsection 6 of Section V.
4. EVENT TEST MATRIX
To evaluate the test program in terms of the Voyager mission, a
matrix of mission events versus testing levels will be maintained. Each
cell of the event test matrix will contain both the environmental param-
eters (such as vibration and temperature and the elements common to
each event (i. e. , verification of command received, function initiated).
This event test matrix will serve two major functions: first, when a
new test is planned, the test parameters and a list of the elements to be
tested will be incorporated in the matrix and the matrix will then show
to what extent the planned test duplicates other tests; second, periodic
examination of the event test matrix will indicate where insufficient
testing efforts are likely to occur. Since hardware items are not shown
on the event test matrix (in contrast to the over-all test matrix shown
in Table 4-1), the event test matrix will present a mission oriented
picture of the testing program. The use of this matrix as a test plan-
nin E tool will make it possible to maintain a more uniform test density.
An example of the event test matrix illustrating the details contained
in a single cell is shown in Figure 4-5.
5. EFFECTS OF TESTING 1969 FLIGHT TEST SPACECRAFT
ON THE 1971 MISSION
The 1969 subsystem and system designs are essentially identical
to those of the 1971 design with the exception of those factors attribut-
able to the differences in spacecraft arrangement and weight such as
distribution of structural loading and thermal and electromagnetic in-
teractions. Thus, the 1969 test program can provide early performance,
design verification, reliability, and environmental test data of direct
use in the design and test effort for the 1971 flight spacecraft.
The schedule for significant tests of the 1969 spacecraft is shown
in Figure 4-6 as solid bars; the cross-hatched areas are the similar
efforts for the 1971 program. Table 4-3 summarizes the benefits that
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LEVEL OF TESTING
MISSION EVENTS
I. SET LAUNCH CONFIGURATION
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g
u
w
U
i u
E,cou,,ER I
37. DEBOOST ENGINE THRUST I /
TERMINATION l / TEST OF THERMAL-VACUUM
E RAFT TO I / INITIATION OF DEBOOST ENGINE38. REORIENTSPACC I / IGNITER SQUIB PERFORMED ON
CRUISE MODE, ETC. I / PROPULSION MODEL
• EXAMPLE_
Q PT
SYMBOLS
U = SUN SIMULATION
T = TEMPERATURE
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K ) = FUNCTION PERFORMED OK
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Figure 4-5. Event Test Matrix
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Table 4-3. Effects of 1969 Test Program on 1971 Mission Design and Test
1969 Test Phase Benefits As Scheduled
1971 Schedule Margin (months)
Time from Completion of 1969 Event
to Final Release of 1971 Drawings
Minimum Maximum
Concurrency # Concurrency**
Allow for a slip
in TA unit test
to start of 1971 Allow for a further
flight assembly slip of proof test
fabrication g' model testing
Parts tests High reliability parts
Inclusion of unique parts after
adequate tests
13 gO 24
Subsystem
engineering
model tests
Released drawings and
specifications
Demonstration of
Size
Weight
The rmal prope rtie s
Power
Performance
Internal compatibifity
Magnetic properties
OSE compatibility
7 14 18
Subsystem type Complete subsystem design g
approval tests verification
Confidence in design capa-
bility in environmental
extrt'mes
Verification of manufacturing
process
Verification of magnetic
p rope rtic s
10 14
Subsystcm life High confidence in life -4 7 II
tests capability
Spacecraft Demonstrate compatibility - 1 8 12
engineering with
model tests OSE
Software
Launch vehicle
Facilities
Subsystem interactions
EMC
Proof test Crew training -7 4 8
model tests
Higher confidenct, in EM
test results
Launch survival
Spacecraft flight Higher confidence -9 Z 6
acceptance
tests
Launch -10 1 5
",' 1971 type approw_l modol comph't,,d at start of fabrication of flight units.
*_ First four months of 1971 proof test model testing completed 3 months before
flight spa_ t,L raft asst'n_bly and _he_ kout.
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will be derived from the 1969 test program and describes the oppor-
tunity to apply the results of such benefits to the 1971 effort in terms of
the schedule margins available relative to the final design release for
the 1971 type approval hardware. The margin times are given in
calendar months for three conditions: the first assumes that the 1971
schedule will not be slipped and that the drawing release date will re-
main firm at 1 October 1968; the second condition (minimum concurrency)
provides for the completion of type approval testing just before fabrica-
tion of the 1971 flight units is initiated; the third (maximum concurrency)
provides for delaying the 1971 spacecraft proof tests for four months
beyond the nominal schedule. If this third schedule approach becomes
necessary, vibration and space simulation tests on the proof test model
would be completed three months before the assembly and checkout of
the 1971 flight spacecraft is concluded.
In combination, Table 4-3, and the schedule of significant 1969
test results shown in Figure 4-6 illustrate that, in the time frame
available in the 1971 mission schedule, it is readily feasible to com-
plete rework or redesign to compensate for a problem which is dis-
covered while "the 1969 breadboard models are being tested. If, for
example, the tasks involved in repairing a subsystem occupy three
months of the available 13-month 1971 schedule period, I0 months will
still remain as a safety margin. On the other hand, if a failure is not
discovered until prior to launch at the end of the 1969 program, no
schedule margin will be available after the appropriate corrections have
been made. Thus, if the requirement for a schedule margin is imposed
(in the 1971 time frame), the schedule will have to be shifted to the
"maximum concurrency" previously defined.
Parts testing will include the parts qualification and selection
program. This program will verify that the parts selected and the
capability of the participating vendors will satisfactorily provide the
kind of high-reliability parts required for the 1971 mission subsystems..
As shown in Table 4-3, design problem;_ discovered by the end
of the 1969 subsystem engineering model test phase can be readily
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accommodated without disturbing the projected schedule for 1971.
Since any failure that might occur during these model tests can be com-
pensated for within the projected time frame, the opportunity is
available to gain additional insight to the possible failure modes. Thus,
at this juncture, the 1971 design effort will have been reinforced by an
additional confidence level concerning the size, weight, power, thermal
characteristics, reliability, and performance of the subsystem elements.
At the successful completion of the 1969 subsystem type approval
test phase, an adequate subsystem design will have been established.
It is at this point in the i969 test program that a test failure requiring
a major redesign effort would slip the original 1971 schedule (see
Table 4-3). However, the 1 971 schedule margin time will still be
adequate (i. e. , I0 to 14 months) to provide a high confidence of
successfully attaining the 1971 mission if either of the proposed con-
currency schedules is adopted.
The subsystem life test phase for the 1 971 mission will be com-
pleted during the 1969 subsystem life test program. Successful com-
pletion of the 1 969 subsystem life test will provide for extremely high
confidence in the subsystem design. Here, again, a major failure will
cause a slip in the original 1971 schedule, but there will still exist a
schedule margin of from four to six months after the redesign and
retest effort.
The next test phase (see Table 4-3) consists of the assembly and
checkout of the 1969 engineering model spacecraft. These tests will
constitute the first system interaction verification; upon its successful
completion, all of the problems associated with the design should have
been resolved. Also at this time, interfaces such as those between the
spacecraft and the OSE, the spacecraft and the test facilities, and the
spacecraft and the software, will have been verified. In the event that
similar failures occur during this time frame, there will still be a
sufficient schedule margin for minimum concurrency and a more than
adequate schedule margin for maximum concurrency. At the end of this
phase of testing, crew training will also have been completed
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The successful completion of the proof test model test phase will
provide sufficient confidence to proceed with the 1969 launch and will
support a comparable level of confidence in the success of the 1971
launch. In the event of a failure during this phase, there is still ade-
quate time to incorporate changes in the 1971 flight spacecraft and,
on a high effort basis, changes in the i969 flight test vehicle.
The final phase of the 1969 groundtestprogramculminates at launch.
The survival of the spacecraft through the powered flight, injection,
guidance, acquisition, and first midcourse maneuver will support a
high level of confidence in the probability that the 1971 m_.ssion will be
successful. In the event of a failure at launch there still remains (con-
servatively) a two-to-four-month schedule margin in which to execute
a redesign and retest program for the i971 mission.
Since subsequent failures in the t969 flight test vehicle provide
decreasing time to include corrections, whether the i969 flight results
can be useful for the i97i mission depends on the nature of the failure
and the magnitude of the redesign effort, unless, of course, the failure
is of such magnitude as to suggest that the i971 launch should be post-
poned. Since the true maximum degree of concurrency is not shown in
Table 4-3 (i. e. , completing a fix, installing it in the proof test model
and flight spacecrafts, and testing the proof test model in concurrence
with the flight spacecraft acceptance testing), it is still possible to in-
clude changes in the flight spacecraft beyond the limits of the scheduled
periods.
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V. IMPLEMENTATION PLAN
I. INTRODUCTION
This section presents the preliminary implementation plan for the
Voyager spacecraft. The plan includes design engineering as the major
activity of Phase IB and Voyager development through mission opera-
tions as Phase II. The discussion generally treats both phases as one
continuing effort, however, although the schedules and related dis-
cussion identify those efforts associated with each phase. Moreover,
the test flight planned for 1969 launch is considered a part of the over-
all development of the spacecraft and is therefore included in this
volume. The over-all implementation of the Voyager spacecraft is
diagrammed in Figure 5-I.
The discussion is organized by system engineering, spacecraft
development, spacecraft assembly and checkout, spacecraft testing,
launch operations and mission support operations. A final section dis-
cusses the further planning tasks needed during Phase IB to prepare for
Phase II. Systems engineering (Subsection 2) discusses the mission and
requirements analysis, systems documentation, and engineering relia-
bility means of which the mission is converted into system design re-
quirements on the spacecraft and interface requirements on the planetary
vehicle. Spacecraft development (Subsection 3) in turn converts these
system requirements into subsystem interface and design requirements.
Subsection 4, subsystem development, a part of spacecraft development,
treats the engineering analysis, design, and testing required to flight
qualify the equipment. Subsystem type approval and life testing cul-
minates the Voyager spacecraft development discussion. Subsection 6
presents the spacecraft assembly and checkout operations for the 1969
test flight and 1971 Voyager mission flight spacecraft, followed by the
spacecraft testing. Prelaunch and launch operations for both the _969 and
1971 flights are also discussed in Subsystem 6, followed by the mission
support operations planning.
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Figure 5-I. Voyager Program Implementation
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Z. SYSTEM ENGINEERING
Under the direction of JPL the primary task of system engineering
for both the Voyager 1971 mission and the 1969 test flight is to ensure
that the Voyager spacecraft system meets the requirements of the
Voyager mission specification and that the reliability of the flight space-
craft is maximized within established constraints. To accomplish this
objective, system engineering will formulate the approaches to be used
in preliminary design and in later phases by the system and subsystem
clements of the program to assure the evolution of a fully integrated
system on all levels of engineering development.
System engineering effort will be devoted to detailed quantitative
evaluation of the over-all system implementation and the results of the
subsystem engineering phases. Among the responsibilities of system
engineering will be the task of monitoring program activities in relation
to meeting final program goals on the systems level.
Specific tasks to be performed by the system engineering team will
include the following:
• Provide mission engineering support to JPL in the
refinement of the Voyager 1971 mission definition
and conduct mission studies to assist in definition
of mission design
• Assist JPL in establishing a definition of the
environmental, mechanical, and electrical inter-
face between the spacecraft system and the launch
vehicle system
• Assist JPL in establishing a dcfir/tion of the space-
craft system hardware and software interfaces
with the mission operations system and the Deep
Space Network (DSN). Prepare and maintain
communications link analyses that define the
details of the Deep Space Instrumentation Facility
(DSIF) spacecraft systems interface.
• Develop requirements on the functional interface
between the spacecraft science subsystem and the
remainder of the spacecraft system
• Ensure that the spacecraft system will satisfy the
contamination constraint
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• Develop reliability assessments and allocations and
review the design from an over-all reliability point
of view.
These individual tasks are facilitated by structuring the system
engineering activities along the lines of system analysis, system require-
ments, and reliability, in such a way that they remain closely inter-
related.
System analysis will be conducted to investigate, select, and
optimize elements of the mission profile and to study in depth the general
problems associated with spacecraft design and subsystem interfaces.
Interaction problems and trade-offs among subsystem engineering
activities will be interpreted and resolved using system analysis concepts
and procedures.
The system requirements activity establishes a comprehensive
hierarchy of requirements, criteria, and specifications from system
through subsystem levels based upon compatibility with the Voyager
mission specifications. These tasks include careful interpretation of
priorities, resolution of conflicting subsystem design objectives _ and
continuous attention to changing system and subsystem performance
capabilities throughout the pre-design, design and program development
phases.
The reliability analysis activity formulates reliability models and
policies, monitors adherence by program elements to established reli-
ability goals, and ensures that all implementation activities remain in
keeping with the highest system reliability consistent with the established
constraints.
2.1 System Analysis
TRW will conduct mission studies_ as requested by JPL, to assist
in the definition of an optimum mission profile. Such studies will include
the following subjects:
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• Trajectories
• Guidance accuracy
• Communication performance
• Orbit determination accuracy
• Maneuvers
• Failure modes
• Targeting criteria
Effects of constraints imposed by other systems
on the design and operation of the flight spacecraft
The tasks performed under system analysis will encompass funda-
mental studies pertaining to the above technical disciplines to ensure
penetration in depth of potentially critical design interfaces and to arrive
at the technically most promising design approach.
A second class of problems is those that arise during the process
of design evolution and need prompt attention by system analysis to
assure a solution consistent with the over-aU requirements of the system
and its subsystems. During the course of the Voyager spacecraft develop-
ment, TRW will analyze or review the spacecraft system design to investi-
gate such factors as:
a) The adequacy of the data link to monitor planetary
vehicle performance, to distinguish among failure
modes, to provide information for ground control,
and to provide the required science information.
b) The ability of the flight spacecraft to accommodate
failures while accomplishing the total mission or
partially successful mission, to provide the attitude
accuracy required by the mission, to respond
accurately to control from the ground, to meet
the requirements established by the spacecraft
science payload and the flight capsule, and to
maintain an environment suitable to the successful
operation of its own hardware subsystem, the
spacecraft science payload, and the flight capsule.
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c) The ability of the spacecraft bus, including propul-
sion, to meet the requirements of the Voyager
mis s ion specification.
Z. 2 System Requirements
The transformation of over-all system objectives and require-
ments into a set of hardware and associated software is controlled by
a hierarchy of comprehensive statements covering both qualitative
characteristics and quantitative design parameters for the system at
all levels. Thus the requirements data become the medium for estab-
lishing well-defined design areas. Conversely, this data serves to
represent the system design in such a way that it defines system per-
formance and allows evaluation of the design for its adequacy in meet-
ing the over-all goals.
The system requirements work area can be thought of in terms
of the following tasks:
• Organizing and structuring the total requirements
documentation package
• Generating the TRW spacecraft requirements docu-
mentation at the system level in the light of JPL
requirements on spacecraft design and operation
• Supporting JPL in the definition of intersystem
interfaces such as between the spacecraft and launch
vehicle and capsule, and the transformation of such
interfaces into spacecraft requirements data
• Coordinating and auditing within the TRW Voyager
project the interpretation of and compliance with
system requirements as embodied in spacecraft
design
2.2. 1 Requirements Documentation
The system requirements documentation is formalized in a
specification package. The organization of this package along with a
definition of the scope and content of the individual documents is
developed in the form of a specification plan. A hierarchy related
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documents is contemplated starting at the system or mission-oriented
level and extending down to the configured item or individual components
level. This general organization is shown in the specification tree of
Figure 5. 2.
2.2.2 System-Level Requirements Definition
The system requirements function is the focal point for the
comprehensive review and application of JPL requirements and for the
evaluation and feedback to JPL of the effect of such requirements on
spacecraft design and operations. Additional material regarding such
system requirements as developed by TRW is coordinated and docu-
mented in the corresponding system-level in-house requirements
documents, including mission-oriented data such as the prelaunch and
flight sequence, telecommunications guidelines, reliability require-
ments, mission operations requirements, maneuver and accuracy
requirements, and trajectory considerations. System design factors
such as spacecraft subsystem boundaries and interface requirements,
test objectives, measurement guidelines, maintenance crite_ia_ and
spacecraft-support system integration are also documented at the level
of the spacecraft specification and the support system specification.
2.2.3 Interface Engineering Support to JPL
The system requirements function provides in-house project
direction in support of JPL for the definition of intersystem interfaces
between the spacecraft and the launch vehicle, the LOS, the capsule,
the DSN, the MOS and the science subsystem. Various technical
specialist areas such as mechanical design, structures, electrical
distribution_ thermal control, and telecommunications will be brought
into play as required to carry out special studies involving interface
design. Functional interface considerations such as loads and environ-
ment definition and operations will also be covered. The result of
such activities will be to arrive at a suitable definition of all interface
items, taking spacecraft and other system considerations into account.
These interface definitions will be transformed into suitable require-
ments data.
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Figure 5-2. 1971 Voyager Spacecraft System Specification Tree
Z. Z. 4 Requirements Audit and Analysis
The system requirements function serves to establish and main-
tain a continuous audit of the analysis and design activities as these
interact with and are embodied in the system requirements data package.
Operations and test plans are reviewed for consistency with the program
goals and system requirements. Specification documents below the
system level are reviewed in a similar fashion, with subsystem interface
implementation given particular attention at this time. Most of this
review activity is informal, but is also formalized at the scheduled
design reviews, when design data packages are prepared and presented
by the responsible engineer for each design area.
Z. 3 Reliability
For the Phase IB proposal and subsequent phases of the Voyager
program, TRW will present its reliability program plan, a summary
of which is contained in Appendix B. Because reliability is a valuable
engineering tool in arriving at design decisions, it becomes an activity
upon which systems engineering relies heavily. Systems engineering
during Phase IB will include the continuing evaluation of reliability
models, estimates, and tradeoffs. Design commitments made for
reliability of the subsystems will be analyzed in accordance with their
relative criticality to the mission as established by JPL. Results of
reliability analyses will also constitute significant design criteria and
constraints as applied to weight, magnetic properties, contamination
control, e!ectror__ agnetic interference, circuit tolerance control,
maintainability and environment control functions, and element
te stability.
3. SPACECRAFT SYSTEM DEVELOPMENT
The analysis, design, and development tasks for the spacecraft as
a system are organized into electrical design integration, mechanical
design integration, experiment integration, and spacecraft development
planning. In general, electrical design integration controls spacecraft
system design and electrical interfaces and budgets power, telemetry,
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command and other electrical consumption. Mechanical design integra-
tion governs spacecraft configuration and interface designs, and budgets
and controls the spacecraft mechanical properties. The experiment task
is one of establishing requirements on the spacecraft and experimenters
in conjunction with JPL and later implementing these requirements to
provide a comprehensive Voyager mission. Finally, the spacecraft test
planning implements the spacecraft development test requirements which
form a part of the integrated test plan as approved by the Test Board.
3. I Electrical Design InteGration
The electrical design integration of the Voyager spacecraft consists
of a number of systems analysis tasks, the establishment of electrical
interface criteria and constraints, the determination of system level
test points, and the specific determiration and coordination of the space-
craft electrical interfaces with the science payload, the lander capsule
and the launch vehicle and launch complex equipment as specified in the
mission requirements. The product of certain of these analyses is a set
of requirements for subsidiary hardware for the electrical distribution
subsystem.
The Voyager approved standard parts and nmterial application lists,
a key requirement for all electrical design, results from the electrical
design integration effort. These lists evolve early in Phase IB and are
updated as new requirements are generated. The OGO and Pioneer list
will be the basis for the initial lists, tailored as necessary to meet
Voyager requirements.
During the electrical subsystem design definition, worst case cir-
cuit analysis will be conducted. The results of individual subsystem
analysis will be integrated to formulate the spacecraft total worst case
analysis thus identifying critical parts and establishing the basis for part
level reliability applications.
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3. I. 1 System Requirements Analysis
During Phase IB a detailed analysis of the Voyager functions which
influence the electrical systems design will be conducted to define the
requirements upon the spacecraft subsystems to ensure compatible inter-
action among subsystems and to determine potential problem areas. The
analyses are continuing tasks and will proceed throughout the design and
test phases of the Voyager program.
The analysis of total spacecraft power requirements will be updated
from the preliminary information available and maintained throughout the
program. Detailed operating configurations, in conjunction with total
mission sequencing and operations, will be established and electrical
load profiles generated for design and operations planning.
As a result of the systems test planning development, requirements
for systems level test points will be defined to be implemented in the
spacecraft integrated design. The design integration and the system test
design will be studied concurrently to optimize both the quality of systems
testing and the implementation of the test points. The test point imple-
mentation will define the hardline test connectors which will determine
the EOSE interface with the spacecraft. In conjunction with the test
planning, an analysis of the launch site testing will produce requirements
for test points and control lines. The implementation of these will define
electrical interfaces with the launch complex.
The preliminary telemetry measurement assignments will be
analyzed to determine the adequacy of measurements of system parameters
and the relative importance of each measurement. These measurements
will be coordinated among the subsystem design groups, the test planning
and launch operations groups, and the missions operations planning group.
The assignment of measurement points will be analyzed from the stand-
point of spacecraft state-of-health determination, the capability for diag-
nostic and failure analysis, the determination of the proper operation of
redundant operating equipment, and the instrumentation of the detailed
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flight sequence of events. Specific attention will be devoted to establish
the engineering instrumentation for the 1969 test spacecraft to permit
maximum evaluation of the Voyager capability prior to the 1971 mission.
The on-board sequencing and control functions and the ground
command functions will be re-evaluated with particular attention to back-
up capability of functions critical to the success of the mission and to the
selection of redundant on-board subsystem equipment. The detailed oper-
ations of each of the subsystems will be analyzed to determine areas where
the reliability of the subsystem can be measurably improved by the injec-
tion of backup signals, either by on-board generation or ground command.
Additional analysis of the requirements during the flight for the verifica-
tion of data prior to the initiation of critical event sequences and the need
for enabling signals from the ground for these critical sequences will be
conducted. Methods of optimizing the control of these sequences or
events from the point of view of reliability will be re-examined. Optimum
reliable control of spacecraft occurs when the event is initiated by a pre-
viously verified on-board generated control signal simultaneously backed
by a ground command. Operating situations which for any reason prevent
this simultaneous control of the critical operations will be analyzed in
detail to maximize the over-all mission reliability.
3. 1.2 Interface Analysis
Phase IA studies have generated preliminary system functional
diagrams and descriptions. Phase IB studies will provide functional
specifications to permit detailed electrical interface designs to be imple-
mented during Phase II.
The intersubsystem interfaces within the spacecraft will be analyzed
in detail to ensure the proper functioning of the integrated spacecraft sys-
tems. The electrical connections of one subsystem to another will be
examined in every case to determine that the signal levels, circuit load-
ing, and shielding and grounding implementation are compatible. Multi-
ple connections of subsystems or elements within subsystems to single
signal source will be examined to assure that no detrimental coupling
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from one user to the others exist through the impedance of the signal
source.
Electrical outputs from each subsystem to the signal conditioning
and data handling equipment will be examined to assure that each measure-
ment signal is compatible with the capabilities of the signal conditioning
equipment, that end-to-end calibration and measurement accuracy are
maintained, and that there are no common impedances among the measure-
ments which will allow errors to be introduced into one measurement by
another.
The interface between the spacecraft systems and the science pay-
load and science DAE will require detailed definition and analysis during
the next phases of the Voyager program. Certain assumptions have been
made during Phase IB which have attributed functional capabilities to
and requirements for the science DAE and individual experiments. In
conjunction with JPL, the functional and circuit interfaces between the
spacecraft and the scientific equipment will be defined in detail and a
total electrical interface established.
The interface between the lander capsule and the spacecraft remains
to be established in detail. As in the science payload the total electrical
interface between the lander capsule and the spacecraft will be detailed
in conjunction with JPL.
The interface between the launch vehicle and the launch complex
equipment will require detailed definition in conjunction with JPL.
3. 1.3 Electromagnetic Compatibility
To achieve systems electromagnetic compatibility, it is necessary
to develop, on an over-all systems basis, interference limits and methods
of control of desired and undesired electromagnetic energy and the protec-
tion of sensitive circuitry. The criteria and controls will thus be estab-
lised and implemented on all spacecraft systems and those interfacing
with the spacecraft in mutual effort with JPL.
Once the electromagnetic interference limits have been established
and the environment defined (including the ground environment at the
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launch site and the flight envirpnment), an electromagnetic compatibility
control plan will be developed. In addition to systems and subsystems
design and analysis studies, the control plan will establish a consistent
and practical ground philosophy and the methods of implementing the
criteria for bonding, shielding, circuit isolation, and interconnect
cabling. The plan will contain requirements for the management mechan-
ics to ensure that effective electromagnetic control engineering will be
reflected in equipment and subsystem designs in accordance with the
established criteria and methods.
3.1.4 Magnetic Control
The magnetic control program proposed by TRW consists of the
following approach:
• Careful magnetic design integration and control
• Materials and parts guidelines
• Vendor control
• Subsystem magnetic testing
• Spacecraft magnetic testing
a. Magnetic Design Integration
An operational directive for the control of magnetic properties
(see Appendix C) will be prepared to specify the magnetic requirements,
identify the general approach to magnetic control, assign organization
responsibilities for the magnetic control activities, and plan the orderly
sequence of these activities. Early in the program, the acceptable levels
of magnetic fields will be defined for the subsystems and units of the space-
craft. The magnetic field at the magnetometer sensor will be calculated
on the basis of magnetic field measurements of materials and equipment
and the positioning of the units on the spacecraft. A magnetic analysis
will define the magnetic requirements for equipment and parts and identi-
fy the areas of significant design change to obtain acceptable magnetic
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system characteristics. From the magnetic analysis alist of magneti-
cally acceptable parts will be generated as requirements to the standard
approved parts program and a magnetic properties test specification
and p_rocedure generated for components, assemblies, and the space-
craft.
b. Material and Parts Guidelines
The materials and parts used for the Voyager spacecraft will
be approved for proper magnetic properties before they are incorporated
in the approved parts and material list. The program of magnetics con-
trol imposes requirements on reliability and quality assurance for
procurement purposes and the spacecraft design approach. The mag-
netic control plan will contain these guidelines and will be submitted to
JPL during Phase IB.
c. Subsystem and System Testing
Certain breadboards will be tested to evaluate ways of reducing
the magnetic fields. During assembly and subsequent proof testing the
subsystem assemblies and the spacecraft will be evaluated for magnetic
fields. The magnetic testing is discussed in the subsystem development
discussion and in the spacecraft test section (subsection 6). The design
and development integration associated with spacecraft magnetic require-
ments will be controlled through test specifications and procedures as
outlined in the Magnetic Control Plan.
b. Vendor Control
To control the magnetic properties of vendor procured items,
provisions in each contract will stipulate a maximum allowable magnetic
field. The resulting assemblies will undergo magnetic testing by TRW
as monitored by Quality Assurance.
3. 1.5 Voyager System Instrumentation
A detailed analysis in Phase IB of the engineering instrumentation
requirements will define the optimum system instrumentation based
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upon system operational and final design parameters. The instrumenta-
tion requirements for each subsystem will be coordinated among sub-
system design groups. This analysis will incorporate the results of
reliability analyses and such other factors as redundancies, diagnostic
and failure analysis, telemetry capability, and ground data handling
requirements. Specific attention will be directed to establishing the
engineering instrumentation for the 1969 test flight to permit maximum
evaluation of the Voyager capability prior to the 1971 mission.
Tradeoffs will be required throughout the system between degree
of refinement or diagnostic capability and added weight and complexity,
particularly with respect to event measurements. For example, the
receipt of a ground command might require adding a transducer with its
additional weight and circuitry. The point in the chain of events at which
a particular measurement is taken becomes a matter of compromise.
The tradeoffs will be evaluated based on the purpose of the individual
measurement, the degree of complexity or weight involved, possible
alternatives, and the implications on over-all system operation.
3.2 Mechanical Design Integration
3.2.1 Spacecraft Requirements Analysis
Data required for analysis of the mechanical characteristics of the
spacecraft are obtained from the system engineering mission analysis, the
JPL mission specifications, and the launch vehicle system data. The
spacecraft analyses include:
• Dynamics analysis
• Structural loads and design criteria
• Thermal requirements
• Mass properties analysis
• Operational influences.
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a. Dynamic Analysis
Analyses of the dynamic behavior of the "Voyager spacecraft
during transportation, launch and boost, separation, midcourse velocity
corrections, and Mars orbit injection will be refined during Phase IB,
generally on the basis of existing digital computer programs. All signifi-
cant tolerances in system characteristics will be examined to ensure
satisfactory operational performance of the spacecraft. The analytical
work will be supplemented by test data during Phase If.
The dynamic environment defined by anticipated ground handling
and transportation procedures will be applied to the spacecraft design to
ensure that the spacecraft will not be adversely affected by these environ-
ments. The effects of launch and boost environments on the spacecraft
will be determined. The spacecraft will be analyzed for axial, lateral,
and torsional responses under the vibration levels associated with the
launch booster. Dynamic clearance between the spacecraft and shroud
will be determined. Axial response will be computer using lumped spring-
mass model simulation. The nonuniform lateral and torsional mass and
stiffness distributions of the spacecraft and supports along with a lumped
spring-mass injection motor simulation will be input to an available digital
computer program. The program solves the Timoshenko beam equations
subject to the appropriate boundary conditions and furnishes generalized
model characteristics. Spacecraft responses will then be computed by
modal techniques. Dynamic responses of components and spacecraft
structure will also be assessed by a vibration survey development test. A
spacecraft structural model will be gradually subjected to vibration which
simulates the maximum environment expected during flight. Structural
responses will be recorded and used along with the analytical results to
ensure adequacy of equipment isolation and over-all spacecraft design.
Dynamic load factors will be evaluated for each of the following
additional mission events :
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• Centaur shroud separation
• Deployment of the scientific packages and the high-gain
and low-gain antennas
• Midcourse velocity correction of the spacecraft
• Ejection of outer portions of lander shroud
• Separation of lander from spacecraft
• Ignition and burning of the Mars injection motor.
The results of these calculations will be incorporated in the design of the
spacecraft to insure that all operational tolerances are maintained through-
out the mission.
A parametric study of the booster-spacecraft separation will be
performed. Performance characteristics of the retrorockets and the cal-
culated thrust misalignment will be combined with various geometrical
and mass misalignments of the booster and spacecraft. These data willbe
used to determine the resulting spacecraft altitude, tipoff rates, and
separation velocities.
The spring separation of the spacecraft from the remaining por-
tion of the lander capsule will be analyzed by means of an existing digital
computer program and the results compared with separation tests. A
sufficient number of tests will be made to obtain a statistical representa-
tion of the tipoff resulting from all tolerances of alignment and disturbing
torques which can arise from the release system and separation springs.
b. Structural Loads and Design Criteria
The structural loads requirements and design criteria estab-
lished during Phase IA will be updated during Phase IB, based upon the
Voyager requirements established by JPL. Specific loads and criteria
will be established for the 1969 test flight and 1971 missions for the
booster-Voyager combinations. The structural design criteria document
will specify all structural design requirements for the spacecraft. The
results of the dynamic analyses will be combined with the static loads
analyses to arrive at combined static-dynamic load criteria.
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c. Thermal Requirements Analysis
As discussed in more detail in subsection 4. Z, the thermal
environment to which the spacecraft will be subjected throughout the mis-
sion will be updated as the first thermal task. This environment includes
on-stand heating, radiant heating from the fairing, aerodynamic heating
after fairing jettison, non-nominal attitude with respect to the sun varying
solar intensity throughout the mission, radiative heating from the deboost
motor plume, eclipse, and the Martian orbital environment. The magni-
tude of the on-stand heating will be determined from the duty cycle sched-
ule of the spacecraft equipment during on-stand checkout. The radiant
heating from the fairing will be determined from the parametric curves of
internal fairing temperatures as a function of time and fairing insulation
utilized. The aerodynamic heating after fairing jettison will be determined
by straightforward aerodynamic heating computation utilizing the 3(; low
launch trajectory. The heating rates during the time when the spacecraft
is in a non-nominal attitude with respect to the sun will be determined
from the sun-look angle versus time information available from the launch
trajectory analysis. The varying solar intensity throughout the mission is
a straightforward calculation. The calculation of the magnitude of the
radiative heat input to the spacecraft from the molten alumina particles in
the deboost motor will be performed utilizing the TRW wake analysis pro-
gram, a program tested and proved during the Vela and Minuteman
programs.
The lengths of the eclipses which may be experienced in the
region of the earth or during the Martian orbit will be determined from the
trajectory analysis. The planetary heating environment experienced by
the spacecraft when it is near the earth or Mars will be computed utilizing
trajectory information and the TRW planetary heating program.
These environments will be incorporated in the detailed thermal
analyses conducted for all portions of the spacecraft. The resulting res-
ponse of all elements of the spacecraft to these inputs, coupled with the
internal power dissipation modes of the mission, will determine the ther-
mal design of the spacecraft and any launch restraints, if required.
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d. Mass Properties Analysis
Mass properties will be calculated, including weights, centers
of gravity, moments and products of inertia, and mass distribution for the
Voyager and subassemblies. This task will be implemented in accordance
with MIL-M-38310 as follows:
• Mass properties records will be maintained by using the
TRW mass properties computer program to compile and
compute weights, centers of gravity, moments of inertia,
products of inertia, and mass distribution
• Weight review meetings will be held, as required, during
the design to review the weights of all components and the
weight tradeoff studies and to initiate action to effect weight
reductions
• During production, actual weights of completed components
and subassemblies will be entered in the computer program
• Experimental values of moments of inertia will be obtained
on the proof test model to verify the computer program.
The relationship of mass properties studies with other tasks is
depicted in Figure 5- 3 • The flow of data through this circular path is
continuous throughout design and development.
e. Operational Influences
All functions from spacecraft integration through launch will be
analyzed to establish design constraints on the spacecraft and its subsys-
tems, and to identify the detailed requirements for OSE. The assumptions
used during Phase IA to establish preliminary OSE designs will be cor-
rected as a reult of the functional analysis and incorporated into the
requirements for launch support equipment.
The same functional analysis will establish the requirements
for mission dependent equipment and the facility requirements at the ETR
in support of the spacecraft duringprelaunch and launch activities.
3. Z. 2 Configuration Design
The Phase IA layout will be updated based upon additional mission
definition and spacecraft requirements received from JPL, with special
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Figure 5-3 . Mass Properties Analysis, Task Interrelationships
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attention to location of the equipment to provide optimum mass properties
distribution, thermal environment, and access for assembly and test. The
structural load paths will be optimized and design requirements established
for the structural subsystem. Final selection of ordnance systems will be
made after the mission sequence of events is made final. The interfaces
with the Centaur and the flight capsule will also be established.
A metal model for physical design intergration will be constructed
using soft tooling. The configuration model will be used for many pur-
poses, the most important of which are:
• Physical layout checks
• Physical configuration control
• Plumbing routing development
• Electrical harness routing verification
• Mechanical functional demonstrations
• Fastener definitions.
The mechanical design will be studied to be certain that it readily
permits maintenance during all phases of spacecraft ground life. Of parti-
cular importance is the remove-and-replace capability of units without
destroying the validity of previously tested portions of the spacecraft.
The design constraints resulting from the thermal analysis will be
incorporated in the studies of mechanical design integration together with
special attention to location and orientation of the antenna systems to pro-
vide continuous earth viewing with a minimum of antenna gimbal motion.
The location and orientation of the planet-oriented package will also be
studied in depth to permit Mars orientation with a minimum of maneuvers
and with accurate knowledge of the view direction of the POP experiments
and cameras. The body-mounted experiment and guidance sensor viewing
requirements will be further defined to optimize the locations of experi-
ments on the spacecraft and to permit off-line experiment alignment.
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3. Z. 3 Sp,acecraft Interface Definition
Mechanical design integration will require definition and control of
the following interfaces:
• Spacecraft to Centaur adapter
• Spacecraft to OSE
• Spacecraft subsystems
• Spacecraft to flight capsule.
The interface document prepared during Phase IA, defining the inter-
face between the spacecraft and the Centaur adapter and fairing, will be
revised. The requirements resulting from the interface between the space-
craft and Centaur will be used as input to the structural loads analysis and
will result in design criteria for the spacecraft and its subsystems for the
1969 test flight and the subsequent Mars missions. These criteria will
also establish some of the requirements for development and design verifi-
cation tests.
Interface requirements of the spacecraft will be coordinated with
JPL and the Centaur contractor. Dynamic data resulting from the Voyager
spacecraft design will be forwarded to JPL and the Centaur contractor in
sufficient time to permit the Centaur contractor to conduct the system
(booster plus payload) dynamic analysis.
The mechanical interface between the spacecraft and the OSE will be
defined in the mechanical OSE interface specification. These interfaces
include attach points on the space --_ 1-1_+-i.ngcra_ for ..... . and handling, service
interfaces for fluid and electrical connections, OSE dynamic and shock
requirements for spacecraft handling and transportation, and thermal
requirements for protection equipment.
The subsystem interface specification prepared during Phase IA will
be definitively prepared during Phase IB and released early in Phase II.
The interface between flight spacecraft and the flight capsule will be
designed during Phase IB as a support task to JPL. Interface control
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will be prepared describing this,
electrical, environmental, and safety aspects.
3 Experiment Integration
including mechanical,
Design integration with respect to the science subsystems covers
all TRW activities relating to the subsystems, from initial liaison to
postlaunch support to JPL. The three major TRW tasks will be detailed
definition of the spacecraft science payload interface with the spacecraft
bus, integration of the SSP into the spacecraft bus, and testing of the
SSP. Much of what is described in this section is based on TRW ex-
perience with the OGO program. A much more detailed statement of
the proposed techniques and procedures than is given here has been
prepared and is available upon request. During Phase IB an experi-
ment design integration plan will be presented to JPL defining the ex-
periment design integration role.
_Fi gur e 5 - 4 i san overlal.1 flow cha.r t indicating the th_.ee _a!_o _
phases p_fothe .integration _)g and the functional relationships of the
elements in each phase. Figure 5-5 shows the proposed schedule.
3.3. I SSP Integration Management ................._
An SSP integration manager will be assigned who will have over-
all responsibility for SSP integration, for liaison, and for coordination.
He will have current and detailed knowledge of the spacecraft interface
with SSP, and will understand the purpose and operation of the experi-
ments. He will have final responsibility within TRW for the experiment
interface designs, the integration procedures, and the experiment test-
ing program. He will work closely with JPL and with the experimenters
to coordinate all aspects of the SSP and to resolve any differences or
discrepancies. In the absence of JPL or experimenter personnel, he
will represent them to other elements of the Voyager program, in both
managerial and technical matters. He will appoint a staff of responsible
engineers, one for each three or four experiments. The responsible
engineer will handle all integration tasks for that experiment including
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evaluation, surveillance, and overall integration hardware provisions.
This technique was developed for the OGO experiment integration and
has proved highly satisfactory.
3.3.2 Interface Definition Phase
During Phase IB the initial task will be to collect as much informa-
tion as possible regarding the SSP and its experiments and coordinate
this data with concurrently available design data on the spacecraft bus
in order to define the SSP-spacecraft bus interface. The first step will
be analysis of requirements to determine what characteristics these
impose on the interface. At this point it will be possible to define pre-
cisely only those features of the interface which are mission independent,
but when these are defined a specification can be prepared. A prelim-
inary SSP integration specification will be issued in late 1966 to define
the mission independent interface.
As soon as the SSP specification is released by JPL, the SSP in-
tegration effort will increase the level of operation. On the basis of the
SSP specification, new requirements analyses will be made to define
the mission-dependent characteristics of the SSP/spacecraft bus inter-
face, and will define specific hardware requirements for each experi-
ment, such as mounting provisions on the bus, harnessing, shielding,
thermal control, and similar physical requirements. The electrical
interface will also be defined in detail. Although it is planned to keep
the electrical interface as simple as possible by incorporating the data
automation equipment (DAE) into the SSP, there will be some minimum
interface requirements remaining.
The final and essential output of the interface definition effort will
be a released SSP integration specification, which will specify com-
pletely the interface requirements with respect to mechanical, electri-
cal, thermal, telemetry, magnetic, and orientation characteristics.
The electrical interface will include timing and synchronization sig-
nals, logical control, and commands as well as specifications for
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noise and impedances in both directions. Any requirements concern-
ing particulate radiation or electromagnetic radiation will be included
in this procedure.
In addition, a supplement to the interface specification will be
issued to provide the experimenters with necessary background in-
formation such as the interface circuits, the grounding system, the
timing signal characteristics, the transfer characteristics of the
spacecraft data handling subsystems, and appropriate supporting data.
For the same purpose, the experimenters will be provided with a bro-
chure describing the spacecraft bus and its functions.
The interface definition effort will be heaviest at the beginning,
but will continue over much of Phase II. Interface design review
meetings will be held regularly with JPL and the experimenters in
order to assure complete mutual understanding of requirements on
both sides of the interface.
Figure 5-6 identifies various interface characteristics and
experiments which may be expected to pose special problems.
3.3.3 Integration Phase
The integration phase will begin with the first deliveries of
experiment hardware to TRW. By this time an SSP integration labora-
tory will have been established and equipped; it will be staffed by the
SSP integration manager, and his responsible engineers plus the neces-
sary technical and clerical support personnel.
Once an experiment has been delivered to the SSP Integration
Laboratory, it is subjected basically to two tests. The first is a com-
pliance test which determines whether the experiment complies with
the SSP integration specification and is therefore compatible with the
spacecraft. The second is a functional test which determines whether
the experiment operates in accordance with its own specification. Both
tests will be repeated several times, and the functional test will be
repeated at every step of the testing schedule up to the launch pad
under a great variety of conditions.
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Certain experiments will be delivered to TRW individually (if, for
example, they are appendage-mounted) while others will be assembled
together with other components of the SSP at JPL and delivered as a
complete assembly. The TRW experiment responsible engineer will
design a compliance test procedure which will be completed and ap-
proved before receipt of the package. The functional test procedures
will be prepared by the respective experimenters for use with their
SSE.
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Figure 5-6. Possible Voyager SSP Experiments and
Special Interface Requirements
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Upon delivery of the experiment package to TRW, compliance and
functional tests are first performed as bench tests under ambient condi-
tions. Ordinarily these tests are performed by the TRW engineer with
the assistance of the experimenter. The package is then integrated into
an experiment subsystem and the tests are repeated.
They are repeated during and after environmental testing of the
assembly (or of the package, if it is tested individually). The package
is then certified by a JPL representative as approved for installation
on the spacecraft bus.
This procedure makes use of the spacecraft simulator (to deter-
mine compliance) and the experiment SSE (to determine function). The
experiment package is operated in all of its modes, with all possible
input variations and combinations consistent with normal operation.
Data is fed to the laboratory computer and printed out on a high-speed
printer.
After the package has been certified for integration, it is integra-
ted into the spacecraft bus in accordance with a procedure prepared by
the responsible engineer and coordinated with JPL and the experimenter.
The first step is mechanical installation on the spacecraft. Then the
experiment is electrically connected to the spacecraft through a fuse
box which permits manual completion and interruption of each line,
providing a test point for each line, and fuse protection for both space-
craft and experiment. Once the gross electrical characteristics of the
interface are found satisfactory, the fuse box is replaced by an interface
test box, which provides a test point for each line. Amplitude and
noise measurements are made on each line, and if they are within
acceptable limits, the test box is removed and the experiment connected
directly to the spacecraft.
At this point a functional test is run, complete with acquisition and
printout of data. This requires appropriate stimulation of each experi-
ment with external sources or internal calibration devices. The data
handling system and experiment are operated in all their modes. Test
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results are retained for comparison with later runs of the same experi-
ment. If the results are satisfactory, the particular experiment may
be considered to be integrated.
3.3.4 SSP Inte_ratedSystem Testing
Although we have previously identified the compliance functional
tests as the major types of test, there are a number of other tests of
the experiments which are essential and are grouped in the category of
special tests. These are performed after integration of the SSP into
the spacecraft. They may be scheduled before or during the various
repetitions of the integrated systems test (IST).
The IST itself is intended to simulate observatory operation during
the entire mission, and therefore includes operation of the experiments
and recording of the resulting data. The following special tests are
performed.
a. Flight Spacecraft Interference Test
The flight spacecraft interference test locates any interex-
periment interference in the presence of the operating spacecraft sub-
systems. It consists of data runs with the complete flight spacecraft,
with each experiment operated in its various modes (particularly in
the most sensitive mode). This test occurs early in the cycle to allow
for investigation and remedy of any interference problems.
b. Sensor Backsround Test
The sensor background test records realistic interference
measurements on certain RF sensitive experiments. Since it is de-
sirable to minimize background noise, the test is performed in a rela-
tively open area at a time when all facility power is off (except that
required for the test). Background measurements are made with all
spacecraft systems off, and repeated as units are turned on one at a
time to a full-on condition.
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c. Magnetic Properties Testing
The required high sensitivity of the magnetometer experiments
imposes very severe requirements on the spacecraft with respect to
keeping magnetic fields to a minimum. A fairly elaborate test program
measures the magnetic characteristics of the spacecraft and calibrates
and checks the magnetometer experiments.
The first tests map the permanent and induced magnetic fields
of the complete spacecraft, determine the possible variations in this
field under worst-case magnetic conditions, and reduce the permanent
field, if necessary, through compensation. The appendages and solar
arrays may be tested separately from the spacecraft for these tests.
The second tests are made on the operating spacecraft and
are intended to determine the interference seen by the magnetometer and
VLF experiments. A special test is made for the benefit of those ex-
perimenters having charged-particle detectors; a mu-meson background
radiation test, performed with the particle detectors operating con-
tinuously over a 12-hour period to monitor cosmic ray background.
From this the experimenters can derive a sensitivity figure for the
experiments concerned.
d. Tape Simulation of Transit/Orbital/Landed Operations
A magnetic tape will be prepared to simulate the operation of
a flight spacecraft throughout the mission, with respect to the space-
craft and SSP operation and generation of data from_ the observation of
physical events. This tape will serve as a basic tool for checkout of
the MOS, DSIF, and SFOF networks, as well as for quick-look and
production SSP data reduction programs. Each experimenter will be
provided with a copy of the test representing his experiment so that
he can simulate his own data analysis.
e. Calibration Tests
Provision will be made for each experimenter to calibrate
his own experiment after the entire cycle of system level observations
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have been completed but before launch operations begin. This requires
about 50 to 75 in-line hours of spacecraft test time. For this reason,
calibration tests should be strictly scheduled and carefully monitored
to make sure that no testing is left to this time wher. it might have been
performed at an earlier stage.
3.4 Spacecraft Development Test Planning
Under the direction and control of the Test Board and in accordance
with the integrated test plan, the detailed implementation of the system
development test plan will be performed.
3.4.1 Test Planning
As the design of the spacecraft and subsystems become firm early
in Phase IB, the preliminary test plan will be modified to reflect the
specific needs for a program of tests for development and design veri-
fication at all levels of equipment complexity. The spacecraft develop-
ment tests will be incorporated into the integrated test plan which will
be submitted during Phase IB.
A preliminary development plan has evolved from Phase IA, based
upon the selected Voyager design. In addition to breadboard, unit, and
subassembly tests of the electronics equipment, TRW Systems will use
the engineering models, after unit development tests, for a system
electrical compatibility test, where the equipment is integrated into a
complete spacecraft engineering model. This series of tests also
permits a complete compatibility evaluation of the spacecraft and its
corresponding electrical operational support equipment.
The test program for each subsystem is presented in Section 4,
with corresponding matrix of subsystem development and design verifi-
cation tests planned during Phase IB and II.
The development of procedures is similar to the task of hardware
development, i.e. , early preparation of development procedures will be
modified as equipment changes occur and requirements for testing changes.
94
During Phase I.B, the critical test procedures will be identified and pre-
pared; these procedures will be revised and updated during Phase II.
Early development procedures will be prepared to form the basis for a
formal procedure for design verification testing, acceptance, and quali-
fication te sting.
Test reports are prepared for each test or series of tests per-
formed. In addition, development test reports are prepared for all sig-
nificant development tests. All other test data is recorded in the engi-
neering record books.
The engineering activities of electrical design integration require
early system evaluation of the electrical portions of the spacecraft and
use the spacecraft engineering model as the primary development tool
followed by design verification on the spacecraft proof test model.
The mechanical spacecraft design integration activity employs
configuration models during Phase IB as its initial development tools
in establishing system requirements. Thereafter, the mechanical
development proceeds primarily on each subsystem followed by space-
craft design verification on the spacecraft proof test model. Thus, the
structural design verification, using the structural model, becomes a
primary task of the structural subsystem (Section 4. i), and the thermal
spacecraft development tests are included in the thermal subsystem
(Section 4. Z). The propulsion integration testing has been included as
part of the propulsion subsystem (Section 4.3). The system mass c.g.
properties will be incorporated into a subsystem separation model.
The separation development testing is discussed in Section 4. i, struc-
tural subsystem. A spacecraft propulsion and stabilization control
model is used for propulsion interaction tests.
3.4. Z Test Models
The spacecraft test models planned for Voyager consist of the
following (in addition to engineering breadboards, unit models, structural,
thermal, separation, and propulsion models as discussed within sub-
system development, Section 4):
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Configuration model
Spacecraft engineering model
Spacecraft simulators
Spacecraft propulsion and stabilization control model
Proof test model
Reliability life test
Figure 5-7 presents the general time phase relationship of these models
and summarizes their test application.
a. Configuration Model
The configuration model is employed as a system design
development tool for three-dimensional layout checks and component
placement evaluation, including access checks. Harness and plumbing
routing configurations are developed using this model. It also becomes
a continuous physical configuration control model.
The model is constructed early in Phase II from temporary
tooling. The structure is of metal construction using available materials
and gages, but the outline dimensions of individual pieces are retained.
The structure is updated as design changes occur.
The electronic units are constructed to simulate only their
housing. Aluminum sheet is employed to duplicate outline dimensions.
Physical connections, i.e., fasteners and electrical connectors, are
actual hardware although not required to be flight qualified.
The nitrogen and propellant tanks are initially mock-ups, but
are replaced later with actual hardware. The valves, Lines, and fittings
are actual nonflight-rated hardware to accommodate plumbing routing
design. The retropropulsion motor subsystem utilizes an inert mock-
up. Antennas, booms, and the planet-oriented package will be deployable
mock-ups. The solar panels are similar in configuration to flight panels
except solar cells will be mock-ups.
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Voyage= Development Models
b. Spacecraft Engineering Model
After each subsystem has received unit level development
tests on its electrical portions, the engineering models are delivered
to the spacecraft assembly area for assembly into a system electrical
model. The model consists of a prototype structure containing the
electromagnetic and conductive characteristics of the spacecraft. The
engineering units are mounted to this structure. All electrically-
operated devices are included on the model except squibs and ordnance,
which are simulated. A regulated power supply is used in place of the
solar array.
A complete operating engineering model of the communica-
tions and data subsystem, central stabilization and control, and command
and sequencing subsystems will be used for assembly, and system test-
ing. The spacecraft engineering model is under minimum configuration
control surveillance, and has a configuration status and operating log
which is verified by quality assurance personnel.
The spacecraft engineering model is primarily used for
electrical design integration.
ment, and personnel training.
model include •
The electrical
model include :
It also provides for procedures, develop-
The development tests planned for this
Electrical system compatibility
Subsystem electrical interface compatibility
Elect romagnetic compatibility
Ope rational compute r program checkout
DSN equipment checkout
Environmental facilities and special test equipment
checkout
compatibility tests using the spacecraft engineering
99
• Spacecraft - OSE
• Spacecraft - Centaur
• Spacecraft - Shroud RF Coupling
• Spacecraft - Experiments
• Spacecraft - Launch Facilities
• Spacecraft - Launch Complex Equipment
The byproducts of the electrical tests using the engineering
model spacecraft are the verification of the approach to spacecraft assem-
bly and test and the development of test procedures. However, this
testing will be conducted in accordance with informal test procedures.
Equipment will be operated primarily to provide information by which
spacecraft performance characteristics can be evaluated. Varying the
test sequence or approach will be permitted to evaluate problem areas
which may arise. The electrical system testing will be designed to
determine margins of safety of various functional and performance
characte ri stics.
The electromagnetic compatibility tests will search for
potential compatibility problems, rather than simply demonstrate con-
formance with a particular performance specification. Any EMC pro-
blems or border-line conditions found will be investigated and remedial
measures developed. Any corrective measures will be confirmed by
subsequent tests. The tests will be performed in two parts, first in
a simulated flight configuration to ascertain system compatibility, and,
second, in conjunction with the OSE. During each of these tests, critical
circuits will be monitored using laboratory instrumentation in addition
to real time monitoring and recording of system outputs. Monitoring
points will be selected to preclude injection of spurious signals or
alteration of circuit parameters. During the tests, each unit and sub-
system will be exercised in accordance with typical operational se-
quencing, while critical circuits and the system outputs are monitored
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to detect any undesired response, malfunction, or degradation of system
outputs. The procedure developed during the engineering EMC tests will
be used as a basis for a detailed step-by-step compatibility test pro-
cedure for formal acceptance testing.
c. Spacecraft Simulators
The spacecraft simulator employs actual subassemblies and
additional equipment to demonstrate the compatibility between flight
spacecraft and the DSIF. It consists of a test transponder, magnetic
tape containing demodulated data, error rate tester, and a data format
generator. The model is used for operational tests of the mission-de-
pendent equipment supplied to the DSIF and SFOF.
d. Spacecraft Propulsion and Stabilization Control Model
A systems control model will be constructed using the
structural subsystem dynamic model as the basic frame and installing
all subsystem engineering models after their respective development
tests. Dummy solar panels with the correct mass and center of gravity
are employed in lieu of actual solar cells. The inertial guidance sensors,
gyro reference assembly, and the other electronic equipment in the
spacecraft control loop are employed. A Live retropropulsion motor and
monopropellant propulsion subsystem complete the model, including
liquid thrust vector control and jet vane actuation.
The tests planned for this model will assess the capability
of the autopilot system during the operation of retropropulsion and mid-
course engines. One of the test objectives is to verify that the dynamic
properties of the spacecraft structure will not degrade the control
performance. This test is specified as a required design verification
in the Voyager mission specification. The test can be conducted in
several ways depending on JPL's direction. To permit a realistic test,
the spacecraft will require a suspension system allowing three degress
of angular freedom and a soft translational support system all enclosed
in a thermal-vacuum facility. The detailed objectives of such tests and
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the corresponding facility design requirements will be a subject for
further study during Phase IB.
e. Proof Test Model
The proof test spacecraft is a fuUy, flightready prototype
which is released to manufacturing drawings, assembled and tested in
accordance with approved procedures. It is subjected to design veri-
fication tests to environmental levels in excess of those predicted for
actual flight. The following tests will be accomplished on the PTM:
(see subsection 6 for details ).
1_ission Sequencing. Sequence spacecraft through
all possible Hight operating modes in a compressed
time scale with detailed monitoring and analysis of
spacecraft behavior.
Parameter Variation Test. Selected functions will be
varied from their nominal values to dete rmine space -
craft behavior under these conditions.
Failure Mode Test. Investigation of the effects of selected
failures that cannot be easily analyzed otherwise. Re-
dundant circuits that cannot be tested during the normal
mission sequence test will be tested.
Free Mode Test. Disconnect spacecraft from all tests
e'quipment, power from on-board batteries and solar
panels, and test using radio command link through a
limited mission sequence.
Simulated Midcourse and Retro-lnteraction Test. Verify
sta_'ilization and control system capable of n_aintaining
and controlling the spacecraft attitude during midcourse
propulsion and that the dynamic properties of the space-
craft structure do not degrade autopilot performance.
Magnetic Testing. Magnetometer mappings to determine
the perm and current fields of the spacecraft.
Ordnance Test. Demonstrate ability to fire actual ord-
nance within protective cannisters to protect the space-
craft and demonstrate that mechanical devices actually
ope rate.
Vibration Testing. Demonstrate ability of the spacecraft
to operate satisfactorily during and after exposure to
vibration levels greater than those expected during the
boost phase of flight.
I
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Space Simulation Test. Expose spacecraft to thermal-
vacuum profile simulating the mission environment.
Shock. Expose spacecraft to the shock loads encountered
during shroud and spacecraft separation.
Acceleration. Expose spacecraft to the acceleration
profile simulating the boost and retropropulsion environ-
ment.
Acoustic. Demonstrate ability of the spacecraft to op-
erate satisfactorily during and after exposure to acoustic
levels greater than those expected during the boost phase
of the flight.
The PTM is used for compatibility tests at the contractors
facility, at off-site locations and at the launch site.
Spacecraft - Mechanical OSE Compatibility. The ability
of the MOSE to provide the correct support will be
demonstrated. The structural subsystem model is
initially used for these compatibility tests with the
first article of each item of mechanical support equip-
ment. Later the OSE is checked with the proof test
model prior to use with the flight spacecraft.
Spacecraft - Launch Vehicle System Compatibility. The
spacecraft will be mated and tested with the Centaur
stage, Centaur adapter, and nose fairing to establish
compatibility between the spacecraft and the booster.
The PTM model will be used for this test initially at
the booster contractors facility and later at AFETR.
Planet Vehicle - Launch Complex Equipment. The PTM
will be used'Qvith a flight capsule and mated to the launch
vehicle at AFETR on the launch pad for early evaluation
of the Voyager OFSC compatibility to the launch vehicle
system.
Spacecraft - Subsystem Mechanical Compatibility. The
spacecraft performance and mechanical compatibility
will be demonstrated using the PTM and will include
deployment of all booms and appendages.
Spacecraft - Experiment. The PTM will contain the
flight experiments. A major test effort is devoted to
this experiment interface compatibility evaluation
including thermal, electrical, and mechanical operational
tests.
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Spacecraft - Capsule Compatibility. The PTM is used to
test the capsule interface initially at the contractor's
facility with a fully simulated GFE supplied capsule and
later at AFETR using a flight capsule. Complete electri-
caI and mechanical tests will be conducted under simu-
lated space environments.
e. Reliability Life Test Spacecraft Model
The reliability spacecraft model is the same configuration as
the qualified spacecraft and is subjected to repetitive test cycles in a
simulated hard vacuum mission environment, during which time tests
are performed in a manner paralleling actual mission use. The results
of these tests will be used to evaluate compliance with reliability require-
ments and will aid in the establishment of reliability confidence levels.
q
4. SUBSYSTEM DEVELOPMENT
This section discusses the spacecraft subsystem development as
a portion of the over-all Voyager development program for both Phase
IB and II tasks for the 1969 test flight and 1971 Voyager mission. Many
of the subsystems are developed early for the 1971 mission and are
flight tested during the 1969 launch. The major exception is the struc-
tural subsystem, although design commonality of electronic equipment
mounting panels is retained. The retropropulsion subsystem and
mission experiments are not required for the 1969 flight, and thus
have a more leisurely development schedule.
The subsystems discussed are grouped as follows:
Structural subsystem, including all pyrotechniques
and separation
The rmal control including louvers and insulation
Midcourse propulsion subsystem and retropropulsion
motor and controls
Stabilization and control subsystem, including
optical sensors, gyros, attitude control, and
equipment for angular orientation and maneuvers
Central sequencing and command subsystem
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• Communication and data handling subsystem
• Power, including solar array, batteries, and power
conditioning and control
• Planet-oriented package and body-mounted science
payload, including mechanical integration equip-
ment for mounting all experiments
• Electrical distribution subsystem of spacecraft,
including cabling and junction boxes
Certain of the analysis and design activities are common to all
subsystems, such as reliability analysis, maintainability, design
review activities, specifications, planning, and reporting. Estimates
of the reliability of the designs will appear as a part of the mathe-
matical model constructed for each subsystem. Reliability goals and
objectives will be realigned as a result of the reliability prediction.
This continuing analysis reflects the level of design for which the
estimates are made and will be updated as the design is refined and
the test data is made available.
Failure mode, effect, and criticality analysis (FMEA) will consi-
der every component of each subsystem, show for each component its
mode of failure and the effects of each failure mode on the subsystem,
spacecraft, and mission; permit the determination of critical items;
and rank the components in order of criticality. This procedure has
been effectively applied during Phase IA. During Phase IB, work on
each subsystem will be updated. An FMEA will be done for each design
change following configuration selection and design release. As
alternate design methods evolve, tradeoffs are made considering the
interactions of weight, availability, state of the art, cost, and reliability.
Quantitative and qualitative analyses are conducted for effective results.
To prevent launch delays, or even more serious mishaps, it is vital
that maintainability principles be thoroughly exercised in each sub-
system design.
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Documented formal design reviews will be conducted in accord-
ance with the program milestone schedule as a comprehensive eval-
uation of all pertinent aspects of the design, that is, relaibility, per-
formance, value engineering, weight, manufacturing and tooling,
human factors maintainability, test operations, safety, and quality
assurance. Two such reviews will be conducted during the Voyager
Phase IB effort, one at the end of Ig weeks following issuance of all
spacecraft requirements and specifications and the second during the
sixth month.
Phase II test planning is conducted by each subsystem engineer
as a part of the integrated test plan covering the development test
activities. Periodic progress reports will include design and develop-
ment activities at the time intervals required by JPL. The results of
progressive test activities will be included for each subsystem.
Structural Subsystem
Summary
The structural subsystem consists of the basic structure, equip-
ment panels, engine mount structures, tank support structure, deploy-
ment devices, solar panels, support brackets, and the separation equip-
ment. The Douglas Aircraft Company has been selected as a major
subcontractor to provide this subsystem supporting both phases of the
Voyager program. The scope of subsystem work includes design;
strength, dynamic, and separation analyses; mass properties and
reliability analyses; testing, and development liaison. Figure 5-8
is a development chart for the structural subsystem.
The proposed structural design will not involve any new develop-
ment programs. The development anticipated is easily resolved
through normal processes. Representative of design challenges are
the evaluation of tank support to accomplish minimum restraint and
structural integrity to satisfy the dynamic loading, and structural
designs to maintain alignment between critically interrelated spacecraft
components.
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The separation system includes separation at the upper and lower
field joints of the spacecraft. The components consist of mechanical
attach-release devices actuated by electroexplosive devices (EED),
which are actuated by a signal and power supplied by the Centaur stage
for the lower separation and by the spacecraft for the capsule container
shield separation at the upper field joint. It is anticipated that standard
mechanical items can be used for spacecraft separation. The electro-
explosive devices are Apollo standard initiators, except for ensuring
that the shield circuit is completed before contact is made with the
bridge pins, which may require changes to the standard qualified item.
However, an external contact mounted on the electrical connector may
be developed. Analysis of the detailed solution will be conducted during
Phase IB.
Anticipated problems are those of tolerances and fit between the
two matching surfaces, indicating a requirement for two interface
plates to be produced for use by the Centaur, the capsule contractor,
and the spacecraft builder. The separation subsystem will be verified
by an operating test mockup of the spacecraft.
During Phase IB, both 1969 and 1971 structural designs will be
pursued, the conceptual designs will be established in 3 months followed
by preliminary design layouts. The 1969 test and 1971 flight spacecraft
configuration models will be fabricated followed by fundamental specifica-
tions. A minimum of testing will be required in the area of design infor-
mation tests used for selecting materials and critical processes. A design
freeze is required for the 1969 flight at the end of Phase IB to accommo-
date the schedule and to permit early attention to the structural model
design and tests early in Phase II.
4. 1. Z Subsystem Analysis Tasks
The tasks performed during the development of the structural
subsystem include an analysis of the structural design load criteria
developed during the spacecraft systems analysis effort to define the
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specific critical design loading and deflection conditions for each
element of the structure; a strength analysis, a meteoroid protection
analysis, a detailed dynamic response analysis, an acoustic response
analysis, separation analysis, failure mode analysis, weights analysis,
and reliability analysis.
a. Design Loads Analysis
The design loads which control the detailed design and layout
of the spacecraft structure consist of the combined static and dynamic
loads which are used for strength and deflection analyses. Dynamic loads
are used to determine the response of critical structural elements and
provide inputs for defining acceptable deflection, buckling loads, and
fatigue limits. The basic static and dynamic analyses required to identify
the spacecraft structural loads and corresponding structural criteria for
all phases of the mission are performed as part of the spacecraft design
effort (see Section V 3.2). The mission profile will be analyzed and
critical loading conditions identified. The results of these studies are
used to define loading intensities and dynamic environments for use in
the detailed design and layout of specific elements of the structural sub-
systems. Since many or all of the parameters used in this analysis vary
during spacecraft and mission development, design loads will be iterated
as required. The resulting outputs are used for final strength and dyna-
mic analyses of structural members.
b. Strength Analysis
The continuing strength analysis conducted during both Phase
IB and II require input data including static and dynamic loads, structural
design layouts and details, temperatures, deflection limitations, and
weight constraints. Primary and secondary structural members will then
be analyzed to determine optimum strength-to-weight designs, discontinuity
stresses, rigidity, deflections, and margins of safety.
Standard analysis techniques will be used to determine these
characteristics for much of the structure. Where more detailed evaluation
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is required, and specifically for the calculation of influence coefficients,
the redundant force analysis method will be employed.
Strength analysis is used to identify items requiring develop-
ment tests which supplement analytical techniques. Such test data will be
correlated with analysis and design. The strength analysis also provide
data for vehicle design and for such analyses as mass properties, dyna-
mics and reliability.
c. Meteoroid Protection Analysis
The meteoroid protection required to meet a realistic mission
reliability will be determined. The effects of variations in environment
which become available from other satellite data and various penetration
equations will be used in the analysis. The results of this analysis pro-
vide constraints on the skin thickness and design of the structural panels.
d. Dynamic Analysis
The spacecraft environment may be summarized as three sources
of dynamic loading: I) ignition shock; engine mechanical vibration; aero-
dynamic and maneuver loads, and shroud jettison shock transmitted through
the launch vehicle structure; 2) liftoff and maximum dynamic pressure ex-
ternal noise; and 3) shock and vibration generated by the spacecraft {separa-
tion and retrothrust). Standard analysis, Atlas, Thor, and Saturn flight
data, and structural data from JPL may be used to predict inputs to the
spacecraft for the first two sources of dynamic loading. The third source,
plus shroud jettison, will require special study.
During Phase IB, an analytical model of the spacecraft
structure for the 1969 preliminary design will be prepared similar to
the model used in the Phase IA study for the 1971 preliminary design.
When spacecraft structural design is sufficiently detailed, spring
constants and weights will be calculated and inserted in the models, and
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modal response will be calculated via a computer program. Frequencies,
mode shapes, and (after insertion of input loads) deflections and accel-
erations will be obtained for the 1969 and 1971 preliminary designs.
As JPL has the responsibility for over-all dynamic criteria for the
flight, the spacecraft loads generated by TRW will be coordinated with
JPL so that combined spacecraft and launch vehicle modal response may
obtained and the Voyager structural design criteria completed. The
resulting dynamic loading criteria is also applicable to design restraints
for the MOSE design.
Critical substructure is then analyzed for dynamic response.
Deflections will be kept within safe limits, dynamic buckling prevented,
and fatigue stress loads generated for use in strength analysis. Flight
subsystem coordination is required for critical items involving weight,
stiffness, and dynamic loads. Structural development tests for these items
w{ll be planned. Specifications for the procedures and load levels will be
prepared for these dynamic tests during Phase IB.
Acoustic noise levels at the spacecraft will be relatively low,
140 to 142 db over-all. It has been Douglas/MSSD experience that at
these levels only thin or large sheet panels are susceptible to acoustically
induced damage; therefore, only thermallouver panelacoustic tests are
contemplated. Test reports will be prepared, both to document the tests
and to aid spacecraft design. Douglas tests will be coordinated with TRW
subsystem development tests.
To confirm the predicted dynamic environments and spacecraft
responses, as well as provide a record for failure analysis purposes, a
flight dynamics measurement plan for the 1969 mission will be prepared.
Some of the measurements undoubtedly wili not be repeated in 1971, while
others may be unique for the 1971 mission. The plan will also include
the types of high response telemetry which is required of the spacecraft
on the Centaur stage. FM/FM telemetry is not currently pianned for
the spacecraft and it may be more convenient to transmit data through
the Centaur stage up to stage separation.
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A Phase II task will be to determine predicted flight dynamic
environmental loads for the 1973 mission and to refine, as needed, those
for the 1969 and 1971 missions. The analytical models for the 1969 and
1971 structure will be updated for the production designs as soon as they
are sufficiently detailed. Specia[ dynamic analyses as needed will be
performed including response of the spacecraft to shroud jettison and
spacecraft separation. Updated dynamic characteristics and loads will
be coordinated with JPL for final design and possible changes to the
structural design criteria.
Type approval dynamic tests will be planned and requirements
developed. Shock test will be performed to simulate the most critical
conditions during Phase II.
During Phase II the 1969 launch flight data will be analyzed
and compared with predicted values for the 1971 mission.
e. Separation Analysis
Separation analysis will incorporate the separation rate and
interface requirements to establish component equipment requirements
and criteria. Figure 5-9 shows the interrelationships of the separation
analysis.
f. Weights Analysis
Weights, centers of gravity, moments of inertia, mass
distributions, material breakdowns for costing purposes, and time
histories will be generated commensurate with final design details.
These data will support'the TRW mass properties computer program
for the Voyager spacecraft.
Weight tradeoff studies will be conducted in such areas as
joint design, insulation attachment, and material selection. Para-
metric weight data will be generated to provide a basis for system
sizing and mission definition. Weight optimization studies, such as
determining if lightening holes can be cut out of certain frames, or if
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Figure 5-9. Separation Analysis
Task Interrelationships
support structure can be scalloped, will be initiated to insure an optimum
weight system.
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erties of the components, assemblies, and the complete vehicle will be
physically measured to verify the computer program. The mass
characteristics of the vehicle wiI[ be determined prior to launch.
4. 1.3 Design
a. Structural Design
The approach to structural design is one of evolving structural
configurations sufficiently early for the 1971 mission to permit direct
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application wherever possible on the 1969 test flight. Phase IB is devoted
to configuration design of both flight configurations with this common
design in mind. The subject configurations of the Phase IA study have
shown that the equipment panels for the spacecraft can be identical. Six
panels are employed for the 1971 spacecraft (two blank panels and four
equipment panels); four panels of which are used for the 1969 flight.
Of the four equipment panels, three are devoted to subsystem equip-
ment common to both flights, the fourth panel is experiment-peculiar
electronic equipment and thus is uncommon in that little experiment
equipment is required for 1969. Phase IB will result in the two struc-
tural configurations and will employ separate configuration models to
derive the structural designs. The same development team will conduct
these preliminary design activities to assure common design approach
between spacecraft. Complete layouts of the structural subsystem will
be completed during Phase IB in sufficient detail to permit structural
model fabrication to proceed early in Phase II for the 1969 test sub-
system. The equipment panels and structural portions of the propulsion
system are therefore developed early for the 1969 flight and directly
applicable to the 1971 configuration.
The structural members supporting equipment panels, solar
panels, antennas, and the propulsion subsystem employ the same design
techniques for both spacecraft. Because of variations in launch vehicle
payload capability dynamic environment, and vehicle geometry, the
general design configuration is sufficiently different to require separate
development. Little advantage will be obtained for the 1971 spacecraft
as a result of the earlier 1969 configuration for these structural
members other than verification of analysis techniques and ground test
program evaluation. Some training and procedures development can be
realized.
The common electronic equipment panels employ a well-
established design approach using honeycomb panel structure with
standardized equipment mounting rails. The rails provide additional
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panel stiffness and establish a common mounting for all standardized
modules for ease of removal and accessibility for test. The quarter-
scale mockup constructed during Phase IA will be used to establish a
full-scale configuration model during Phase IB, permitting further
definition of equipment arrangement, plumbing, routing, and cabling.
The interface design between the spacecraft and Centaur
adapter and nose fairing for the 1969 spacecraft and additionally between
the spacecraft and capsule for the 1971 mission will be defined and
coordinated with JPL and other responsible contractors. As the four
panel spacecraft configuration (1969) results in a different interface,
a spacecraft adapter is required between the Centaur and spacecraft
bus. The 1969 spacecraft adapter will employ sheet stringer construct-
ion design to adequately redistribute the loads (six points on Centaur to
four points on the spacecraft}.
The Phase II design activity consists of detailed parts design
and preparation and release of manufacturing drawings. The pro-
duction phase of planning, tooling, and manufacturing will be con-
tained in the manufacturing plan submitted in Phase IB. Configuration
control is initiated after the subsystem baseline design review.
b. Separation Design
Two separation functions are required for 1971 spacecraft
whil_ only- one is required for the !969 test flight. The separation
analysis will result in alternate concepts. Layouts of these candidate
concepts will lead toward concept selection. The configuration selected
will be considered with the interfacing contractor and interface design.
The same separation technique will be used for both interfaces and
employed on the 1969 test flight. After selecting the general methods
of separation a survey of standard mechanical components will be made,
and one type will be selected.
The mission specification clearly calls out the Apollo standard
initiator, except for the ground constraint. Methods for meeting this
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requirement must be devised. Once approach is to rivet a leaf spring
into a groove in the receptable end of the initiator. A matching short,
gold-plated, alignment boss or pin could be built on the connector.
These two parts would mate and connect before the bridge pins connect.
This approach and others must be defined, analyzed, and one selected.
The selected design will result in detail development test
part drawings of the components during Phase II. Separation model
drawings of the separation subsystem will be made. These drawings
must be of sufficient detail that a test model of the separation subsystem
and immediate spacecraft/launch vehicle interface can be built. The
model will retain the proper mass center of gravity properties so that
meaningful separation components fit and separation-proof tests can be
performed. A complete functional design specification for the subsystem
and each of the components will result at the end of Phase IB.
4. 1.4 Development Test
Test of the structural subsystem utilizes two models each for the
1969 and 1971 spacecraft. The models are identical and used for con-
current static and dynamic tests during development and subsystem type
approval tests.
A separation model is employed to verify the separation design.
The flight separation hardware is employed in each of the two separation
interfaces for the 1971 designs, while the 1969 separation hardware is
employed with its model.
Individual structural components will be statically tested prior to
subsystem structural tests. Table 5-1 shows the development tests
prepared for Phase II. Table 5-2 shows the type approval tests.
a. Static Structural Model
The static structural model consists of prototype flight hard-
ware with simulated mass and center of gravity component e0uipment
loading the panels in place of flight electronics.
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The structural test model will be mounted to a test fixture
and subjected to static flight load tests to verify the structural character-
istics of the system. These tests will be an extension of the structural
tests performed on the individual components. The tests wilI be made
to accomplish the following:
Check hardpoints for static load plus simulated
acceleration load
Simulate acceleration and static loads for critical
components
Simulate lateral loads expected from vibration and hand-
ling on items such as lander mounting points, rocket
motor mounting points, structural panels, antenna,
and critical components.
The structural modeiwiil be used during these tests to accom-
plish type approval of the subsystem.
b. Dynamic Model
The dynamic model is the same configuration as the static
model used above. The static and dynamic models will also be used for
testing, mechanical OSE compatibility testing, and continued verificat-
ion testing.
Dynamic tests constitute one of the critical structural tests
for the following reasons:
_ a..-._,,_._._+'_,-.+..... ! ti !y !!•. ..-_.,.__._. ,._.._._ _ re a ve sma
• Structure is extremely lightweight, redundant, and
complex
• There are a number of concentrated loads
For these reasons, dynamically induced stresses experienced during
boost phase and stage separations will design and/or contribute signi-
ficantly to design loads for most structural elements.
Structural dynamic type approval tests will be performed to
provide data for extensive structural analyses to establish.the space-
craft structural integrity for flight dynamic loads, to eliminate design
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weaknesses, to revise and/or confirm the spacecraft dynamic model,
and to evaluate methods of support for the landers, solar panels, and o
other appendages.
The primary objectives of the vibration test of the model are:
• Evaluate and define the structural dynamic properties
of the spacecraft
Determine vibration levels expe rienced by spacecraft
components, high gain antenna, solar panels, and
magnetometer boom as a result of their mounting
arrangement and positioning.
Determine qualification and acceptance test vibration
levels of components and systems. These specifi-
cations should be based on realistic data obtained
during the development tests
c. Separation Test Model
Functional operation of the separation subsystem must be
valuated for the following:
The separation of the spacecraft adapter and the
launch vehicle adapter
The separation of the sterilization cover from the
space c raft
Separation tests will be conducted on the separation test model to dem-
onstrate the functional operation of the separation mechanism. A sep-
aration command will be programmed to the explosive devices and
operation of the control circuits will be monitored. Type approval of
the separation sys,tem is demonstrated during this series of tests.
Component proof tests will be conducted on frangible nuts, electronic
detonators, and harness systems, as shown in Table .5-_
4. 1.5 Schedules
The schedules for Phase IB and II structural/mechanical sub-
system development are shown in Figures 5-I0 and 5-II, respectively.
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Figure 5-11. Phase II Structural Subsystem Schedule
121
4. g Thermal Control Subsystem
The thermal control development plan presented in the following sec-
tions is based upon the 1971 Voyager mission. Due to the differences in
configuration and thermal environment between the 1969 and 1971 missions,
they require separate development efforts. However, much of the infor-
mation obtained during the 1969 mission development in terms of thermal
control subassembly design and performance will be applicable to the 1971
mission. The manner in which the development of the thermal control sys-
tem for the 1969 mission varies from that of the 1971 mission is discussed
in Section 4.2. 8.
The development of the thermal control system for Voyager is simi-
lar to that of the OGO, Vela, and Pioneer programs. Essentially it con-
sists of iterative detailed thermal analyses of on-board equipment sup-
ported and verified by thermaltesting. The analysis is performed utiliz-
ing the TRW thermal analyzer, shape factor, and other computer programs.
It iterates upon changes in configuration, thermal environment, compon-
ent information, and information obtained from thermal testing. The
thermaltesting is performed for a dualpurpose. The initialthermal test-
ing provides information on the elements of the thermal control system
(i.e., louvers, insulation) which is used as input information to the thermal
analyses. The finalthermal testing is performed on engineering thermal
models characteristic of the flight hardware to verify the performance of
the thermal control system.
The activities planned for the design and development of the Voyager
thermal control system are diagrammed in Figure 5-12. The following
key areas are indicated:
a) The physical configuration, on the basis of which
the thermal analyses will begin, is obtained from
structuraldrawings and weight lists. Changes in
configuration must be assessed for their influence
on the thermal control system by updating the
thermal analyses involved.
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b} The total thermal environment to which the space-
craft is subjected throughout the mission is de-
termined. This environment includes on-stand
heating, radiant heating from the fairing, aero-
dynamic heating after fairing jettison, non-nominal
attitude with respect to the sun prior to orientation,
varying solar intensity throughout the mission,
radiative heating from the deboost motor plume,
eclipse, and Martian emitted and reflected solar
heating.
c) Thermal definition of the electronic components is
required from all other subsystems and experimenters.
This definition includes allowable temperature limits,
power dissipation, duty cycle, mounting base area,
and requirements for insulation blanket penetration.
d) The detailed thermal analyses will determine the
coating and finish callout, component placement, and
amount of active thermal control required to meet the
required temperature limits.
e) The louver system, insulation, and structural charac-
teristics analysis, design, and test provides both sub-
system hardware and performance information about
the hardware. This information is utilized to update
the detailed thermal analyses.
f} The deboost motor firing test in Phase II will provide
the information necessary to determine the heat shield
and insulation required for this thermal environment
(197i mission only).
g) The thermal control design verification tests of
Phase II will provide verification of the analysis and
design, as well as the data necessary to trim the
thermal control system.
The schedule for the design and development of the thermal control
subsystem is shown in Figures 5-13. 5-14, and 5-15.
4. 2. i Spacecraft Thermal Analysis
a) Thermal Environment
In order to design a system which will provide adequate
thermal control throughout the mission, it is necessary first to assess
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the thermal environment to which the spacecraft will be subjected through-
out the mission. This environment in cludes on-stand heating, radiant
heating from the fairing, aerodynamic heating after fairing jettison, non-
nominal attitude with respect to the sun prior to orientation, varying solar
intensity throughout the mission, radiative heating from the deboost motor
plume, eclipse, and the Martian orbital environment. The magnitude of
the on-stand heating will be determined from the duty cycle schedule of
the spacecraft equipment during on-stand checkout. The radiant heating
from the fairing will be determined from the parametric curves of internal
fairing temperatures as a function of time and fairing insulation utilized.
The aerodynamic heating after fairing jettison will be determined by com-
putation utilizing the 3{_ low launch trajectory. The heating rates during
the time when the spacecraft is in a non-nominal attitude with respect to
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the sun will be determined from the sun-look angle versus time informa-
tion available from the launch trajectory analysis. The varying solar in-
tensity throughout the mission is a straightforward calculation. The cal-
culation of the magnitude of the radiative heat input to the spacecraft from
the molten alumina particles in the deboost motor will be performed by
Douglas. The lengths of the eclipses which may be experienced in the
region of the earth or during the Martian orbit will be determined from
the trajectory analysis. The planetary heating environment experienced
by the spacecraft when it is in the proximity of earth or Mars will be com-
puted utilizing trajectory information and the TRW planetary heating
program.
These environments will be input to the detailed thermal
analyses conducted for all portions of the spacecraft. These i.nputs and the
resulting response of all elements of the spacecraft to these inputs, coupled
with the internal power dissipation modes of the mission, will determine
the thermal design of the spacecraft and any launch restraints if required.
b) Detailed Thermal AnalTses
Detailed thermal analyses of all elements of the spacecraft
will be conducted for all phases of the mission environment. This analy-
sis will rely heavily upon the TRW thermal analyzer program, developed
specifically to solve thermal problems involving any combination of the
convection, conduction, or radiation modes of heat transfer. The program
utilizes the electrical analogy for a lumped parameter network and offers
no limit to the network _ize _,L^_ ,_ computer r_,_c_tv
Detailed thermal computer models will be constructed for
all major thermally-controlled compartments such as the main bus and the
external experiment packages. The level of detail will be such that the
mounting base temperatures will be computed for each component in the
compartment considering radiative and conductive heat transfer for the
thermal environments in space. The effect of convective heat transfer will
be considered for the thermal analysis of the on-stand operation. These
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analyses will determine the requirements for the amount of active thermal
control louver area, the insulation effectiveness, thermal coatings and
finishes, and placement of high and low power dissipation components.
Separate models will be constructed for those portions of
the spacecraft which are not compartmentized but are exposed to the space
environment such as the sun sensors, horizon scanners, antennas, and
gimbals. Solar array temperatures will he supplied to the power subsystem
to allow the choice of an optimum solar cell-cover glass-filter combination.
Temperature differences on the array will be determined for all the en-
vironments of the mission and supplied to the power subsystem to allow
an assessment of the problems of voltage mismatch. The analysis for the
sun sensors, horizon scanners, antennas, and gimbals will determine
thermal coatings and finishes, heater power, and thermostat, and insula-
tion requirements such that the equipment is maintained within acceptable
temperature limits without degradation of its operating efficiency.
Because it is necessary to calculate at least approximate
operating temperatures for all the internal and external components early
in the spacecraft program, the detailed thermal analysis will begin im-
mediately in Phase IB, utilizing typical values of louver system perform-
ance, insulation effectiveness, thermal radiation properties, and inter-
face conductances. As the program progresses and more detailed infor-
mation becomes available from other analyses and test programs (i.e., the
design and evaluation of the louver system) and better definition of the
spacecraft components, these analyses will be refined. A final updating
of the detailed thermal models will occur after the thermal design verifi-
cation tests of the spacecraft.
4.2.2 Analysis of Thermal Assemblies
The thermal design analysis effort to be performed is divided into
four parts: thermal analysis of the louvers, insulation, heat shorts, and
the effects of the propulsion system on the spacecraft.
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a. Louvers
To assist in the selection of a construction material and
technique for the louvers, the effects of various materials and fabrication
techniques will be analyzed in terms of over-all louver assembly per-
formance. The design of the actuation mechanism will be analyzed to de-
termine degradation in louver performance due to heat leak through the
actuation mechanism.
b. Spacecraft Insulation
As the performance requirements and a description of the
environment become more clearly defined, the total insulation require-
ment in terms of insulation thickness and number of reflective sheets
will be upgraded. A parametric analysis will be conducted for a range
of environmental and insulation characteristics.
c. Heat Shorts
Heat short analyses will be conducted to determine the
effective thermal conductance for the structural members in question.
Galculating heat loss through each member to optimize thermal design
provides the principal analytical tool for these analyses. Included will be
examination of heat shorts such as the solar array attach ring, solar array
struts, lander attach area, antenna boom, mapping package boom, and
attitude control lines.
d. Propulsion System
Radiant and convective heat fluxes from the nozzle and the
plume during engine firing are examined, defining insulation requirements
for those surfaces exposed to such heating. The effective conduct-
ance of attachment members between the structure and the engine will be
calculated to estimate engine soakback heating and to select attachment
members designs. At the completion of firing, after the engine compon-
ents have cooled, the heat leak from the spacecraft out through the propul-
sion system will be predicted.
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4. 2. 3 Functional Specifications and Program Plans
The software output of Phase IB will be the thermal control subsys-
tem functional specification for the 1969 test spacecraft and the 1971 flight
spacecraft. Thermal control subsystem inputs will be provided for the
manufacturing, assembly and checkout, integrated test, and launch opera-
tions plans.
4. 2.4 Development Design Fabrication
The thermal models to be used in the design verification tests of
the main spacecraft bus and the exposed experiment packages will very
closely simulate the flight articles. These models will consist of flight-
type structures including insulation and louvers, thermal mockups of
the solar array, thermal mockups of the electronic components, and both
an inert and expended deboost motor. The array mockups consist of
flight-type substrates which are modified on the external surface to simu-
late both the thermal capacity and the thermal radiation properties of the
solar cells. The electronic component mockups are aluminum shells of
the same dimension and weight as the component being simulated with
power dissipation provided by an internal resistor. The inert deboost
motor will be used for tests of conditions before firing, and the expended
case for those after firing.
The model used to determine the effect of the deboost motor firing
test will consist of sufficient spacecraft structure to support the deboost
motor and heatshield (if analysis indicates the necessity of a heat shield)
during static firing tests.
Fabrication of other development hardware will be conducted for the
investigation of local thermal problems for those instances where analy-
sis indicates the possibility of a thermal problem.
4. 2. 5 Development Design
After conceptual design, detailed layouts will be started, and a list
of specifications written covering parts, materials, processes, tooling,
and subcontract items. Test programs will be initiated to check vendors'
13Z
parts and subsystem configurations. These tests will include, but not be
limited to, vibration, g-loading, heat, cold, hard vacuum, and operational
tests.
The final step of the development program will consist of product
design devoted to packaging, thermal model fabrication and test, a final
design review, and release of drawing to production fabrication.
Test procedures will be written for the final type approval test pro-
gram. A final assessment of specification compliance and spacecraft
interface compatability will be confirmed. Documentation will be pro-
duced to cover ground handling, grid area assembly, and checkout
procedure.
4. 2. 6 Development Testing
Table 5-3 presents the thermal control system development and
type approval test matrix.
a. Design Verification Tests
The main spacecraft bus and the external experiment pack-
ages will have their thermal design verified by space simulation testing
utilizing a vacuum chamber with liquid nitrogen-filled cold walls to simu-
late the heat sink of space and solar simulation. These tests will be con-
ducted for the environments which the analysis indicates to be the most
severe for each package. Structural heat leaks into or out of the pack-
ages will be simulated by driving the boundary condition for the heat leak
to its analytically predicted temperature, infrared .....n_ inputs to the
t
packages such as would occur from the solar array will be simulated by
a mocked-up solar array, and as would occur due to planetary infrared
emission will be simulated by infrared heater elements. It is anticipated
that additional design verification or engineering thermal model tests will
be conducted in a similar manner on additional portions of the spacecraft,
which further analysis indicates may pose thermal problems. Likely
candidates for this category of testing are the gimbals for the antenna
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and external experiment package, the horizon scanners, and the sun sen-
sors. The Phase IB analyses will indicate particular problem areas for
updated planning of Phase II tests.
b. Deboost Motor Firing Test (Phase II)
The deboost motor will be statically fired at simulated alti-
tude as part of the motor qualification, allowing evaluation of the heat
flux resulting from the molten alumina particles in the plume. If analysis
has indicated that a heat shield is required, this test will also serve as a
design verification test of the heat shield. In addition, the model will be
instrumented to evaluate the magnitude of the heat soak-back by conduc-
tion from the hot rocket motor casing after firing through the structural
attachment. The model will be instrumented with thermocouples and
narrow angle radiometers to monitor heat fl_es and temperature
dis tr ibution.
c. Material Properties Tests
Tests will be conducted on laboratory samples to deter-
mine thermal properties for those coatings for which data acquired on
previous programs is not adequate. Coatings that will be exposed to
solar irradiation in orbit will be exposed to ultraviolet radiation in the
laboratory to determine the extent of degradation of the thermal radia-
tion properties. The TRW ultraviolet degradation facility consists of a
series of small vacuum chambers with temperature-controlled sample
holders ranged around a xenon lamp to expose the samples for various
periods and .....I. f@ V _.L _.
d. Louver Blade Tests
A series of louver blades will be subjected to a series of
structural tests to determine their torsional and bending strength, as
well as their ability to resist handling during fabrication and assembly.
e. Louver Actuator Mechanisms
Various candidate louver actuator mechanisms will be
tested to determine their output force as a function of the temperature
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change and ability to withstand the vacuum environment of space. The
mechanisms will be thermally cycled in a space chamber and the output
rotation measured as a function of temperature.
f. Surface Finishes Tests
A series of tests will be conducted on typical surface fin-
ishes for the louvers, substantiating thermal analysis and surface degra-
dation effects leading toward surface finish, and the material selection
in the louver blades.
g. Out,as sin_ Tests
All components of the louver system will be tested to de-
termine their relative outgassing characteristics. Components which out-
gas excessively will be redesigned to eliminate or minimize the use of
outgas sing materials.
ing.
environments.
h. Vibration Tests
A typical louver panel will be fabricated for vibration test-
The specimen will be subjected to launch vehicle vibration
i. Life-Cycle Tests
A louver assembly complete with actuation mechanism,
simulated cold plate, and heat source will be fabricated and installed in
the vacuum chamber for thermal performance life tests.
These tests will be monitored and the results evaluated in
terms of the comparison between predicted and actual behavior of each
thermal component. The design of each component in the thermal control
subsystem will be modified according to the results of the test in an effort
to obtain optimum performance. Descriptions of test programs, proced-
ures and results will also be presented in final report form.
j. Test Matrix
The deve bpment and type approval tests matrices are
listed in Tables 5-4 and 5-5.
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Table 5-5. Thermal Control Subsystem Type Approval Test Matrix
0_ _ _ '_ 0 _
_ o _ _ _ _ _ _ _ o
oo_ _ ._ _ 0 r_
o._ _ _ _ _.__
Thermal
Actuators
The rmal
Louvers
Thermal Louver
Sub system (Life
Test)
Propellant Ther-
mal Protection
System
Impingement
on optical
coatings
X X X X X X X X
X X X X X X X
X X X X X X X X
x x x
x x x
4. 2. 8 Differences Between 1969 Mission and 1971 Mission Development
Much of the development of the thermal control system for the 1969
mission will be applicable to the 1971 mission in the areas of the develop-
ment of the thermal control subassemblies, equipment mounting panel and
solar array substrate conductance measurements, thermal radiation pro-
perty measurements, and portions of the interface filler conductance
tests. However, due to the difference in configuration of the spacecraft
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main bus for the two missions it will be necessary to conduct two separ-
ate detailed thermal analyses for the bus. The detailed thermal analyses
and space simulation tests conducted for the gimbals, antennas, sun
sensors, solar array, and horizon scanners for the 1969 mission will be
at least partially applicable to the 1971 mission, dependent upon the
amount of change in configuration and thermal environment.
4.3 Propulsion Subsystem
The Voyager propulsion subsystem consists of a monopropellant
midcourse engine and a retropropulsion solid propellant motor.
4.3.1 Midcourse Propulsion Subsystem
The design approach in Phase IA for the midcourse propulsion
subsystem (MPS} was to devise the simplest system, in terms of the
number and types of components and the interactions between the com-
ponents and other spacecraft subsystems, consistent with the Voyager
performance, duty cycle, and reliability requirements. The develop-
ment program thus requires no state-of-the-art improvement in any of
the components. The majority of the effort is involvedil, characteriz-
ing the system performance over all operating conditions and qualifying
the components and the system to Voyager specifications. The develop-
ment program shown in Figure 5- 16 is compatible with delivery of a
flight qualified system for a 1969 mission.
Design and development of the MPS is divided into two categories:
!) component development, prequaiification and performance determina-
tion, and 2} system characterization and qualification. Since much of the
engine system is essentially identical to flight qualified hardware, feasi-
bility type testing in heavyweight hardware of these components is not
required, and all testing can be conducted with flightweight hardware.
Although considerable development history exists for the engine, the tank
and expulsion device will require a new design and concomitant develop-
ment effort.
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Figure 5-16. Midcourse Propulsion Subsystem Schedule
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a. Analysis and Design Studies
To assist in confirming that the design of the MPS will meet
all requirements, particularly in the areas of packaging, temperatures,
vibration or propellant slosh mode interactions with the spacecraft ve-
hicle, design studies of these and other problem areas will be conducted.
The effects of the particular duty cycle requirements on engine integ-
rity, heat transfer into the other Voyager vehicle structure and systems,
and dynamic field interference with possible spacecraft design experi-
ments will be examined in detail. On establishment of a prototype pro-
pulsion subsystem design configuration, a detailed analysis of the hy-
draulic characteristics of the MPS will be made.
During the course of the initial design verification testing,
preliminary analytical studies and tests will be conducted to determine
the mass properties of the MPS. Of particular importance will be data
gathered on the center of gravity shift with various percentages of the
full propellant load with the liquid restrained by the positive expulsion
bladder. Other mass properties will be determined such as weight,
center of gravity, moments of inertia, and mass distribution.
b. Desisn Specification
The detailed design and layout of the flight prototype MPS assem-
bly will be completed within the first few weeks of the Phase II program,
including any changes resulting from the preliminary testing during the
verification phase of *_^_,,=*_*_._program. During this period, specifica-
tions will be prepared and a hard mockup constructed to ensure interface
compatibility between the MPS and the Voyager vehicle
c. Component Verification and Qualification Testin_
A series of prequalification component verification tests will
be carried out on each of the components to verify their acceptability in
the MPS prior to the initiation of systems tests. These tests will be
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conducted against specifications generated to meet the needs of the
Voyager vehicle system. In this phase of the program all components
will be subjected to the test shown in the text matrix, Table 5-6. It is
anticipated that the valves selected for this application will have already
passed similar qualification tests in other space vehicles qualification
programs. Testing of the two unqualified hardware items, the thrust
chamber assembly and the propellant tank assembly, will be necessary.
Thrust Chamber Assembl 7. The thrust chamber design, i. e.,
thrust level, injector concept, jet vane design, and chamber materials,
is similar to the JPL Ranger motor. A similar motor built and tested
at TRW Systems has demonstrated the ability to operate in the blow-
clown mode and has shown satisfactory performance of the Shell 405
Table 5-6. Prequalification Test Matrix
Item
0 _ _
o
_ 0
Pressurant Fill Valve x x x x x x x
Explosive Valves and Solenoid Valve x x x x x x x
Propellant Fill Valve x x x x x x x
Rocket Engine Assembly x x x x x x
Propellant Tank x x x x x x X
X X
X
x
x
x
x
X
catalyst. Hence, the feasibility is established and the development
effort will be utilized to optimize the catalyst bed design, characterize
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the transient performance with the flight valve configuration, and con-
duct environmental and performance evaluation of the prototype
configuration.
A series of tests will be conducted to obtain a catalyst bed
design which gives stable combustion, reliable ignition, and maximum
performance. Because of the relatively high ammonia dissociation
associated with the spontaneous catalyst, it is important to arrive at a
bed depth which produces minimum ammonia dissociation. A change in
ammonia dissociation from 40 to 50 per cent represents a decrease of
three seconds specific impulse, equivalent to approximately eight pounds
of propellant in the Voyager MPS. However, no compromise in ignition
reliability or combustion stability will be made to achieve higher
s pe cifi c impul s e.
The possible degradation of the spontaneous catalyst under
prolonged vacuum exposure will be investigated in laboratory scale dur-
ing the development program. In theory, the loss of activity under
vacuum conditions should not be significant; this has not been verified
by experiment. Therefore, four catalyst samples will be tested for
activity in the laboratory. One sample will serve as a control, and the
other three will be tested after 30, 60, and 90 days of vacuum exposure.
The use of the spontaneous catalyst is not considered to be a high risk
approach, and these tests are proposed as a relatively low cost pre=
cautionary measure. However, should problems such as loss of activi-
ty or physical strength be observed, design alternatives could be
instituted.
During this phase, a catalyst bed will be assembled and sub-
jected to vibration to determine its compatibility with the flight environ-
ment. This test will be the chronological subjection of the catalyst in
a prototype thrust chamber to boost phase vibration, a hot firing of the
thrust chamber through the midcourse cycle, vibration per the retro-
thrust specification, and firing through the orbit injection duty cycle.
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The purpose of this test is to identify bed strength problems, if any,
early in the development program to preclude delay in the subsequent
qualification program.
The environmental and performance evaluation is conducted
as follows:
Transient Performance. Despite the fact that the explosive
actuated flow control valves will have predictable and repro-
ducible action times, start and shut-down transients will
vary somewhat over the range of operating conditions. Con-
sequently, a series of tests will be required to characterize
the transient performance. These tests will be conducted
in a test rig, which simulates the hydraulic characteristics
of thc flight feed system, or in an actual flight unit.
Environmental Testing. Following the catalyst bed optimiza-
tion, which will define the steady state performance, and the
transient characterization tests, the thrust chamber assembly
will be subjected to a series of tests including acceleration,
shock, vibration, vacuum storage, and humidity. Typically,
a thrust chamber, complete with a flight vavle package and
simulated jet vane actuators would be mounted on a shake
table in a support equivalent to the flight mount. The assem-
bly will then be subjected to vibration at specified values in
three orthogonal directions to obtain resonant frequencies
and transmissibility factors. The engine will then be hot
fired to a duty cycle in excess of the anticipated flight re-
quirements. The assembly, with the explosive valves re-
placed, will also be subjected to additional altitude and
humidity tests and firings at extremes of temperature during
the component verification test phase.
Propellant Tank Assembly, During the Phase IB design studies,
analyses will be conducted on the flowdown characteristics of gas pressuri-
zation and propellant feed system. The tank and expulsion system designs
will consider environmental influences, such as propellant sloshing, axial
acceleration, vibration, leakage, expulsion efficiency, long-time storage.
The developmental test program will permit systematic evaluation of the
dynamic and static characteristics under flight conditions and serve to
verify the designs selected.
The propellant feed system developmental tests are divided into
three categories: 1) tank development, Z) expulsion system development,
Q
9
q
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and 3) combined tank and expulsion tests. The types of tests to be included
are: structural physical properties, proof pressure, vibration, accelera-
tion, shock, pressure cycling, leakage, and burst tests. Additional test-
ing on the positive displacement bladders could include expulsion efficiency,
long-term storage and helium premeability testing.
d. System Verification and Prequalification Tests
At the completion of component testing, a complete bread-
board MPS will be assembled and tested at simulated altitude. It is
planned to fuel the system with hydrazine and pressurant and allow it
to stand for approximately seven days. During this period the system
will be monitored for propellant leakage or pressure decay. The sys-
tem will then be fired at a simulated altitude in a duty cycle simulating
the mission, except for the extended coast.
Other system tests at extremes of temperature environment
will also be required to characterize the system completely.
e. Qualification and Acceptance Tests
Qualification testing takes place during the period from the
50th to the 7gnd week of the program. Acceptance tests will occur at
approximately equal intervals through the end of the program. The
final specifications for these tests must be established before the de-
tails of this test program can be developed. Therefore, the procedures
described in the following paragraphs are tentative and are used to
indicate the _-^_.,1_ 4-_.,.,_
------ " .......... £-- -0
Qualification tests will be performed on the system to provide
information on possible malfunction effects and safety limits. The sys-
tem assembly will be mounted to a structure designed to duplicate the
mounting points of the Voyager vehicle. No qualification testing at the
component level is anticipated because of the selection of previously
qualified components and an extensive prequalification test program.
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Each delivered system will be subjected to a series of
component tests which will demonstrate that the system will perform
within specification limits. Typical acceptance procedures are as
follow s:
Propellant tanks
Proof pressure
Leakage
Solenoid valves
Proof pressure
Leakage
Pr evibration functional test
Combined sine and random vibration test
Post vibration functional and leakage test
Explo sire actuated valve s
Proof test
Thrust chamber
All delivered thrust chambers will be required to
be functionally tested through a series of two hot
firings and a vibration schedule. Engine calibra-
tion and flow measurements tests will be made
during this acceptance test series. Valves will
be simulated with calibrated orifices and flow
control will be by a solenoid valve.
Each injector valve assembly will be calibrated
for operating flow and pressure drop. After this,
the assembly will be cleaned and attached to the
flight model combustion chamber and will then
be leak tested and fired for 10 seconds to obtain
performance data. After firing_ the thrust chamber
assembly will be vibration and leak tested, and
then fired again for 10 seconds to confirm per-
formance. Both performance tests will be
conducted at simulated altitude conditions. These
performance tests will demonstrate conformance
to engine thrust level and specific impulse
specifications.
146
Data recorded during each engine acceptance
firing series will include thrust, chamber pressure,
fuel flow rate, thrust chamber outer wall tempera-
ture, fuel temperature, and nozzle exit plane
ambient pressure.
4.3.2 Retropropulsion Motor
The schedule for the proposed retropropulsion motor development
plan is shown in Figure 5-17. As this figure shows, the program is
composed of a design study phase, a design and development phase, a
qualification phase, and a flight phase. System tests with the motor
integrated into the vehicle are discussed under the vehicle system
development plan.
a. Design Studies
In Phase IB the tasks will consist of evaluation of the effects
of updated retropropulsion motor performance, interface, and envelope
requirements and a detailed preliminary design study of the motor.
The first category will include tradeoff and optimization studies of
performance parameters such as thrust, chamber pressure, and ex-
pansion ratio. In the latter category, practical designs will be evolved
for the grain, case, nozzle, igniter, insulation, and thrust vector
control. On the basis of this work, a detail design specification will
be prepared and submitted to prospective retropropulsion motor
subcontractors. This work will also form the basis for evaluation of
J
the vendors' proposals, and preparation of the required subsystem
functional specification. Selection of the retropropulsion motor
subcontractor and approval of this selection will complete the Phase IB
accomplishments.
b. Design and Development
The subcontractor will complete the detailed design with a
drawing release six months after Phase II initiation. The development
testing scheduled during this period will demonstrate the feasibility
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of component design approaches. This testing includes structural
tests of the pressure vessel, nozzle, and attachment skirt; static
firings in heavyweight cases for evaluation of grain and nozzle design;
cold-flow tests for injectant location optimization; and component
evaluation tests on the safe and arm device, igniter, and TVC system
components such as injectors, injectant bottles and the pressurization
source. This testing is summarized in Table 5-7. Prior to qualifi-
cation, a series of tests will be run on the complete flight-weight
motor and TVC system to determine design and performance
characteristics. Tests will be made under conditions which are more
severe than qualification to determine performance margins and
establish design confidence. This test series is summarized in
Table 5-8.
During the design and development phase, deliveries of various
inert models are required to support various test vehicles. An
approximate time scale for these deliveries is indicated on Figure 5-17.
c. Qualification
Qualification consists mainly of the type approval test to
qualify the retropropulsion motor for flight. Prior to initiation of the
type approval program each motor will be subjected to flight acceptance
testing. Motors will be delivered during this phase for use in the proof
test model. A breakdown of the tests proposed for the type approval
test program is given in Table 5-9.
d. Flight Models
The manufacture and flight acceptance testing of the flight
motors will also include the proof test model life test following long-
term storage.
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Table 5-7. Development Test Program
Table Development Test Program
No. of
Tests Components _ Purpose Conditions Data
3 Case and nozzle Verify structural Hydrostatic pres- Pressure ,strain
analysis sure to motor
3 Case Determine case Hydrostatic pres- Pressure strain
yield sure to burst
3 Nozzle (exclud- Determine nozzle Static fire nozzle Measure nozzle
ing TVC) integrity and ero- on test motor under integrity and
sion rate design mass flow thrust erosion,
and gas tempera- compute lateral
ture conditions shift in centroid
of throat
2 Inert loaded motor Evaluate attach- Load to flight con- Deflection strain
with attachment ment ring design ditions, then to
ring and failure criteria failure
Z5 Initiator
10
50
4
I0
2
2
3
Pyrogen igniter
with safe and arm
Evaluate function-
ing time and output;
establish reliabili-
ty trends
Evaluate perform-
ance; establish
reliability trends
Temperature con-
dition; static test
at ambient pressure
Temperature, vacuum
condition; static test
at ambient pressure
Firing current,
prefire and post-fire
resistance, pressure
history
Firing current,
pre-fire and post-
fire resistance,
pressure history
TVC injector and Evaluate injector Ambient temperature Pressures, spray
flow controller pattern and flow con- and pressure pattern, flow rates
trol perfbrmance
TVC injectors Optimize injector Ambient (cold Pressure profile,
and retro nozzle location flow) flow rate
TVC pressuriza- Evaluate gas flow Ambient tempera- Temperatures,
tion source rate and tempera- ture and pressure flow rates, pressures
ture
TVC injectant Evaluate compati- Ambient expulsion Pressures, flow
tank bility expulsion tests rates
efficiency
TVC injectant Evaluate bottle Hydrostatic pres- Pressure strain
tank strength sure to burst
TVC subsystem Evaluate system Ambient pumping Pressures, flow
performance system test; sire- rates, temperatures
ulat ed firing
3 Nozzle closure Evaluate blow-out Hydrostatic pressure Closure integrity,
characteristics simulating ignition blow-out pressure
start- up
3 Heavywall motor Evaluate motor Temperature con- Pressure, thrust,
ballistics and ig- dition; static test ignition timing
nition character- at ambient pres-
istics sure
• Development tests on components and the motor will be conducted concurrently with failure mode
analyses which will indicate the exact type and extent of testing to be done. Therefore, the test plan
shown here is meant to illustrate the type of tests anticipated and is not limited to precisely the tests
shown should additional tests be deemed necessary.
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Table 5-8. Prequalification Test Program
No. of
Tests Components Purpose Conditions Data
4 Flightweight motor Evaluate motor de- Temperature condition;
(including TVC) sign and perform- static test in ambient and
ance characteristics altitude pressure environ-
ments
Pressures, thrust,
temperatures, pho-
tog raphy
I0
6 Flightweight motor Establish design con- Condition to environmen- Pressure, thrust,
(including TVC) fidence prior to un- tal extremes Z0% greater temperatures,
dertaking qualifica- than nominal flight ex- photography
tion phase tremes; static test alti-
tude hack pressure
Determine failure
criteria; establish
reliability trends
Hydrostatic pressure to
failure
Spent flightweight
case/nozzle as-
sembly from pre-
ceding tests
Pressure strain
Table 5-9. Type Approval Test Program
Temperature _ Ambient
Conditioning: _ LowHigh
Motor Number
Test Description 1 2 3 4 5 6 7 8 9 I0 II IZ 13 14 15 16 17 1
X X X X X
Pressure
Ambientltitude
Vibration
Vibration/acceleration
Shock/acceleration
Centrifuge fire
Drop
x
x
x x
X X X X X X
X X X
X X
X X X X X X X X X X X X X X X
x x
x x
x X
x x
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Stabilization and Control Subsystem
Summary
This implementation plan presents the engineering activities con-
cerning the analysis, design, procurement, development, and testing
of the stabilization and control subsystem and its equipment, assemblies,
parts, and special test equipment. The development task flow is shown
in Figure 5-i8.
The majority of the equipment proposed for the subsystem pre-
sents no development problems.
A system problem associated with the midcourse velocity correc-
tion and deboost phases of the Mars trajectory is the thrust vector off-
set angle resulting from the proximity of the engine gimbal point to the
center of gravity and the center of gravity offset envelope. Based on
the selected configuration geometry and the presently specified lateral
center of gravity offset envelope, maximum trim thrust vector deflec-
tions of I. 7 and 2.9 degrees occur for the midcourse velocity correction
and deboost phases, respectively. Should these offset angles result in
unacceptable velocity errors, the thrust vector offset can be effectively
reduced by increasing the control moment arm length, reducing the
acceptable center of gravity offset envelope, or compensating for the
offset through the SCS. Of the three alternatives, reducing the accept-
able center of gravity offset envelope appears most desirable.
In order to complete development testing in time to meet the
12-month Phase II drawing release date for the 1969 test flight, the
need to start procurement of gyros during Phase IB is indicated.
4.4.2 Analysis and Design
Various analyses are required for design of the subsystem optical
sensors, gyro reference assembly, reaction thrust control, jet vane
actuator, and electronics. These analyses will be conducted during
Phase IB, continuing where necessary into Phase If.
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The detailed design activities will be primarily conducted during
Phase If. However, two activities will be conducted in Phase IB, the
gyro reference assembly and the control electronics assembly. Due
to the schedule-critical deadlines of the gyro and high reliability
electronics parts, breadboard tests will be conducted on these two
assemblies during Phase IB.
a. Subsystem Analysis
The following subsystem analyses will be performed
requiring input data such as view angles, input characteristics,
sensitivities, accuracies, moments of inertia, center of gravity off-
set and uncertainties, control moment arms, tipoff rates, acquisition
time requirements, thrust level and thrust centerline uncertainty,
accuracy requirements for -_--idcourse corrections and orbital injection,
disturbance inputs to spacecraft, and results of Phase IA subsystems
preliminary design.
Acquisition. A detailed analysis will be completed of the
acquisition scheme used to initially stabilize the spacecraft after
separation from the boost vehicle and for subsequent acquisitions.
This analysis will define an acquisition scheme including sequencing,
time required for acquisition, control methods for acquisition, and
functional specifications for the control system.
Alignment. Upon completion of the spacecraft layout,
preliminary structural, thermal, and interface design requirements,
a complete system _1_..... * a.,_ly¢_¢ ,x,_]1h_ condncted to establish
the effective sensor alignment due to spacecraft mechanical and
thermal deformation. The requirements for installation alignment
will also be established.
Attitude Orientation Requirements. An analysis will be
performed to determine the accuracy and response requirements for
orienting the spacecraft prior to performing course corrections,
capsule separation, and injection into orbit about Mars. Functional
specifications for the control system to meet these requirements for
positioning midcourse and deboost motor will result.
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Thrust Vector Control. Detailed analysis of the SCS require-
ments for the orbital and cruise phases of the mission, including the
requirements for precise attitude orientation of the experiment package
during orbit, will be performed to provide functional specifications for
the control system. TVC accuracy, response, and control require-
ments will result.
Disturbance Torque Estimates. An analysis of the disturb-
ances expected to act on the spacecraft in transit and in orbit about
Mars will be performed resulting in disturbance torque magnitude
versus time and cyclic/secuLar torques classification.
Parametric Studies. The above analyses will permit stabili-
zation and control parametric studies to be performed and will culminate
in the formation of the final SCS functional specification best fitted to the
over-all mission objectives.
b. Optical Sensors Analysis and Design
A number of equipment analyses is required to select
requirements for optical sensors.
Target Radiation Analysis. The available data on earthj Mars
star fields_ and Canopus and star fields about Canopus will be studied
together with Mariner C data. Using Voyager trajectory data control
sequences and the optical sensor requirements, models will be
established for determining the various bodies to be sensed. The
analysis will establish target discrimination logic requirements.
Preliminary analyses in these areas are presented in Appendix B of
Volume 5.
Electro-Optical Analysis. From the sensor requirements
and detector data_ the choice of detector will be made. The optical
requirements will be established by analysis and a configuration will
be selected. The optical designs will consider the problems of
scattered and reflected light. The search and track requirements for
the star sensor will be established and the necessary functional
techniques will be developed.
I
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Error Analysis. The error budget will be established,
based on the sensor requirements and the Voyager control sequences.
The error analysis will include parametric studies of the signal proces-
sing and logic circuits.
Sensor Design. The design activities for optical sensors
include:
Detailed electro-optical design and detector-to-optics
design integration. The design of the optical sensors
employs proven approaches using design techniques and
sensors with demonstrated flight experience. Par-
ticular emphasis will be placed on the specific design
requirements imposed by the Voyager mission.
• Mechanical design including structure and mechanisms
• Thermal design
Electronics detail design to implement signal processing
and logic circuits. The application of redundancy
techniques will be investigated further. Critical cir-
cuit factors will be identified and evaluated.
Design of sensor stimuli and other special purpose
fixtures and test equipment. Special techniques
requirements for the sensor stimuli will be identified
and the design implications established.
c. Gyro Reference Assembly Analysis
Analyses of electronic circuits and gyro parameters to
determine a transfer function of the gyro reference assembly in various
modes will include:
• Rate mode
• Position mode
• Precision turn mode
Using the spacecraft turning rate data, an analysis of the gyro para-
meters will evolve a voltage proportional to the spacecraft turning
rate for each of these modes.
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Design of the gyro control loop, current supply, and heater
control will be conducted during Phase IB and continued during Phase
II. The selection of the gyro for the reference package will be com-
plete in Phase IB because of procurement lead time. The thermal
design of the interface between the gyro reference package and the
spacecraft will include calculations made to determine the desired
characteristics of the mounting surface to achieve the desired thermal
impedance.
d. Reaction Control Analysis and Design
The analyses associated with the reaction thrust control
involve gas weight and thrust dynamic determinations.
Gas Weight. An analysis will be conducted to determine
the amount of gas to be carried based on probability of various failure
mode effects. Data on leakage, valve open, heater failures, dis-
turbance torques, and various probabilities will be employed to es-
tablish these gas requirements.
Thrust Dynamics Analysis. An analysis will be conducted
to determine the thrust rise and decay and impulse variation versus
time on during operation of the reaction control system. Sizing data
on lines, valves, and nozzles will be utilized in conjunction with valve
characteristics and environmental conditions for this analysis.
Design specifications for components such as solenoid valves,
pressure regulators, and transducers will be created for procurement
of components. Detailed mechanical design of lines, pressure vessels,
and nozzles completes the reaction thrust control design activities.
The design approach to reaction control has been utilized on many
spacecraft. In addition, the Voyager design will employ high and low
thrust level roll reaction control features.
Special attention to magnetic cleanliness, magnetic field
cancellation, and system magnetic control will be considered in the
application of magnetic valving in conjunction with the program mag-
netic control requirements. Techniques developed in OGO and
Pioneer will be used to control the magnetic fields.
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e. Electronics
A parametric tolerance analysis will be conducted employing
worst case conditions of all circuits to verify that all components are
used within their specification limits. A preliminary circuit tradeoff
analysis will be conducted using the reliability apportionment, parts
and functional specifications, and early circuit designs. This analysis
coupled with Phase IB breadboard tests will provide information for
part specifications, circuit revisions, and reliability data. The use
of Voyager approved parts will be employed.
The critical circuit factors such as low signal level, noise
problems, and filters will be identified and evaluated during Phase IB
breadboard tests. The types of electronic circuits and preliminary
design will be fully evaluated {Phase IB) in order to identify the high
reliability parts required and to initiate early procurement of the long
lead items for the 1969 test flight.
f. Jet Vane Actuator
Two primary analyses will be conducted on the jet vane
actuator. First, the stress analysis will be conducted to determine
the stress on the actuator due to thrust loads on the vane. This
analysis employs the jet vane sizing information and the thrust load
parameters to establish actuator design requirements. Then a mag-
netic properties analysis is performed to estimate the magnetic fields
produced by the actuator motor and to determine the resulting effects
on the experiments. The analysis is required to establish the magnetic
design requirements on the actuator.
The actuator has been used on Mariner and other programs
and becomes an adaptation for Voyager peculiar requirements. Thus,
the design activities consist of determining specific actuator require-
ments, generating specifications, submitting purchase requisitions,
vendor surveys, design reviews, and vendor liaison. The actuator
will in all probability be a subcontracted item.
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g. Spacecraft Subsystem Design Analysis
The results of the previous analyses, the subsystem and unit
specifications, and the other subsystem data will be utilized to integrate
the spacecraft subsystem design.
A unit characteristics analysis will be conducted to determine,
allocate, and coordinate the unit interface requirements and unit para-
meters such as impedances, signal levels, gains, allowable errors, and
time constants. The analysis will result in a detailed subsystem block
diagram and updating of unit and functional specifications.
The interfaces with other Voyager subsystems will be
evaluated to coordinate stabilization and control subsystem require-
ments, including power, structure alignment, thermal, electrical in-
tegration, telemetry, and spacecraft testing. The results of this
analysis will establish or modify accuracy requirements and budgets,
power consumption, thermal control requirements, wiring diagrams,
telemetry lists, and spacecraft subsystem requirements of spacecraft
testing.
Finally a complete assessment of the subsystem reliability
will be made.
4.4.4 Test Program
Two breadboard tests are planned for Phase IB, the gyro refer-
ence assembly and the control electronics assembly. The development
lead time for gyro's require early breadboarding and procurement to
accommodate the drawing release dates associated with the 1969 test
flight. The control electronics assembly (CEA) requires early de-
velopment attention because of the long lead time associated with high
reliability parts. The CEA breadboard tests are planned during Phase
IB to define the components required and release purchase orders for
these long lead items. Procurement associated with engineering models
also will be initiated for both the gyro reference assembly and the con-
trol electronics assembly. All other breadboards and engineering
model tests are scheduled for the early months of Phase II and can be
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accomplished in the lead time available.
The test program required to develop and qualify the stabilization
control subsystem and its complement of units is shown in the test
matrix, Table 5-i0.
4.4.5 Subsystem Schedule
Figure 5-19 presents the development schedule for the stabiliza-
tion and control subsystem. Both Phase IB and II are shown for the
1969 test flight. The 1971 equipment will generally be the same as
employed during the test flight except for sizing and equipment relia-
bility redundancy applications. Early development and resulting tests
associated with the 1969 launch will provide high assurance of success
during the 1971 and subsequent mission opportunities.
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Table 5-10. Stabilization and Control Subsystem Test Matrix
Equipment
Electronics
Subsystem de-
velopment
Test Title Purpose Test Article Test Equipment
Acceptance tests Flight unit
Magnetic properties
test
Breadboard test
Acceptance test
Type approval tests Verify that flight type unit will Flight unit
operate within specifications after
exposure to type approval level
shake and vibration and will oper-
ate within specifications at type
approval level thermal-vacuum
conditions
Verify flight unit will operate within
specification alter exposure to accept-
tance level shake and vibration and
will operate within specifications at
acceptance level thermal-vacuum
conditions
Determine magnetic field charac-
teristics
Discover problems resulting from
temperature and electrical testing;
determine the electrical charac-
teristics
Engineering model- Determine grounding and signal Engineering
tests cross coupling problems model - control
electronics
Verify expected performance for
electrical and temperature testing
Determine the necessary production
tests to be performed
Type approval test DiscOver any structural, electrical, Prototypercontrol
temperature, and magnetic field electronics
problems
Verify unit fabrication is correct
and that unit electrically and
mechanically withstands all ex-
pected environments and electri-
cal conditions
Breadboard s_bsysten_ Determine the compatibility of units Breadboard$ of
test and make preliminary measure- electronic units
ments of functional parameters so and engineer
changes can be implemented if models of other
required units or simulators
Vibration test equipment, thermal
vacuum, DC voltmeter, DC power
supply, position control trans-
mitter, position repeater, dekavider,
mechanical test fixture
Vibration test equipment, thermal
vacuum, DC voltmeter, DC power
supply, position control transmitter,
position repeater, dekavider,
mechanical test fixture
Flight unit Power supply, magnetic test
facility
Breadboard Test console, temperature control
control elec- chamber, capital electronic equip-
ironies lJleni
Control electronics,
prototype space-
cra_model, and
flight and spares
Engineering model Determine the compatibility and Engineering models
test functioning of the units as a sys- of all SCS units
tern and as units in the system
Three axis - air Verify the functioning of the sub- Engineering or
bearing 6pace simu- system by performing closed loop type approval models
lation test tests of all maneuvers; check logic, of SCS units
sequencing, commands, and func-
tional parameters
Console, temperature control,
capital electronic equipment
Environmental Laboratory,
thermal vacuum, shake, shock,
and magnetic field equipment
Capital electrical equipment,
envir onmcntal equipment
Electrical power supplies,
digital voltmeters, voltmeters
AC and DC, oscilloscopes,
recorders, counters, stimuli
for sensors, holding fixtures,
turntable
Spacecraft power supply or
simulator, cables, voltmeters,
AC, DC, digital, oscilloscopes,
recorders, counter, stimuli
for sensors, holding fixtures,
turntables, interconnection and
switching rack, test facility-low
sensor interference provisions,
alibnment equipments-levels-
autocollirnator s
Air bearing simulator, air bear-
ing simulator test facility, stimuli
for sensors, spacecraft structure
simulator, telemetry set, gas
supply, battery chargers, battery
set, interconnecting cables, com-
mand transmitter and receiver,
pneumatic system, recorders,
alignment and balancing equip-
m ent - autoeollirnato r s, levels,
motion picture cameras
I
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Table 5-10. Stabilization and Control Subsystem Test Matrix
(Continued)
E_uipment Test Title Purpose Test Article Test E_uiprnent
Optical sensors
Gyro reference
assembly
Reaction Control
Assem_. ly
Jet vane actuator
Breadboard tests Determine electro-optical feasibility Breadboard sensor
Engineering model Determine over-aD functional feasi- EM sensors
functional tests bility
Type approval tests Qualify sensor design for flight Type approval
sensor
Environmental tests Evaluate performance of engineer- EM sensors
ing models under various environ-
mental stresses
Establish functional performance
Uncover workmanship errors
Evaluate reliability
Assure the meeting of specified
n%agnetic properties
Determine if gyro meets minimum
requirements
Determine for engineering purposes
the gyro drift, torquer scale factor,
temperature sensitive coefficients
and vibration sensitivity
Reliability information
Acceptance tests
Life tests
Magnetic properties
test
Gyro accepta-uce test
Determination of
gyro parameters
Gyro life and sta-
bility test
Determination of
current generator
parameters
Design verification
of gyro reference
assembly
Plight sensor
Sensors
Flight units
Gyro
Gyro
Gyro
Current generator
Gyro reference
assembly
Determine for engineering purposes
the current output and the tempera-
ture sensitive coefficients
Determine rate and position scale
factors about the three reference
axes
Determine temperature sensitive
coefficients
Gyro reference Reliability information Gyro reference
assembly life and assembly
stability test
Type approval test Determine rate and position scale Gyro reference
factors about the three reference assembly
axes; determine temperature sensi-
tive coefficients
Acceptance test Determine rate and position scale Gyro reference
factors about the three reference assembly
axes; determine temperature sen-
sitive coefficients
Breadboard test Determine line drops, nozzle Breadboard
parameters, system d-/namics plumbing
Nozzle and heater Determine thrust, flow, and Nozzle and heater
tests specific impulse assembly
Component develop-
mental functional.
tests
Component develop-
mental environ-
men_i tests
Assembly func-
tional tests
Proof and burst
pressure tests
Type approval tests
Life tests
Acceptance test
EvaluRtefunctional performance Engineering
models
Evaluate performance as a Engineering
function of environmental stress models
Assure performance of the assembly Engineering
as a unit models
Assure structural integrity and
safety factors
Formally assure mission com-
patibility by overstress testing
Prototype
components
Flight models
Assure reliable operation during Plight models
expected life
Assure quality and performance of Flight models
flight units
Verify engineering unit will survive Prototype
specified vibrat/on and shock levels
and operate in space environment
(thermal vacuum)
Engineering environ-
mental tests
Functional test Verify engineering unit meets all
design requirements other than
environmental
Prototype
Sensor stimuli test console
Thermal vacuum chamber,
vibration tables, shock
tables centrifuge
Test console, magnetic test
facility
Gyro test set
Gyro test set
Gyro test set
Ammeter and temperature
controlled oven
Gyro reference assembly test
set
Gyro reference assembly test
set
Gyro reference assembly test
set
Gyro reference assembly test
set
Pneumatic supply and control
console (PSCC)
PSCC, electrical power supply,
current and power meters,
vacuum chamber
PSCC, temperature and vacuum
chamber, oscilloscopes, meters
PSCC, temperature and vacuum
chamber, oscilloscopes, meters,
vibration acceleration, and shock
test equipment
PSCC, temperature and vacuum
chamber, oscilloscopes, meters,
vibration acceleration
PSCC, safety chamber
PSCC, temperature and vacuum
chamber, oscilloscopes, meters,
vibration acceleration, and shock
test equipment
PSCC, temperature and vacuum
chamber, oscilloscopes, meters
PSCC, temperature and vacuum
chamber, oscilloscopes, meters
and vibration test equipment
Vibration test equipment, thermal
vacuum, DC voltmeter, DC power
supply, position control trans-
mitter, position repeater, deka-
vider, mechanical test fixture
DC voltmeter, DC power supply,
position control transmitter,
position repeater, dekavider, D. C,
Megger, torque gauge, leak deo
tector, mechanical test fixture
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Figure 5-19. Stabilization and Control Subsystem Schedule
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4.5 Central Sequencing and Command Subsystem
The development plan for the central sequencing and command
subsystem for the 1971 Voyager mission is presented in this section.
This effort is similar to the effort required for the 1969 mission since
essentially the same equipment configuration is expected to be used.
Most of the information obtained during the 1969 development in terms
of the central sequencing and command subassembly (CS and C) design
and performance will therefore be directly applicable to the 1971 mission.
The differences stem primarily from the detailed specification of
functional requirements, since the later mission includes capsule separa-
tion, Mars retropropulsion, and orbit maneuvers, whereas the earlier
mission only involves simulated versions of these maneuvers.
The development of the CS and C subsystem for Voyager is sirni!ar
to that of the Mariner C CC and S and command decoder unit, the Pioneer,
OGO, and Comsat command distribution units and the Apollo LEM abort
guidance computer. It consists of iterated detailed requirements de-
termination, and logic, circuit, packaging, and reliability analyses of
the subassemblies and of the integrated system, supported by thermal,
vibration, and shock tests. The analysis is performed using analytical
techniques and computer simulations. It iterates upon changes in re-
quirements, environmental conditions, system configurations, component
information, and information obtained from the various tests performed
on the units and integrated system. The initial tests provide new inputs
to the design analysis and packaging techniques. The final tests are
performed on the engineering models characteristic of the flight hard-
ware to verify the performance of the sequencing and command system.
The activities planned for the design and development of the CS and
C are presented on Figure 5-Z0. The schedule for Phases IB and II is
shown in Figure 5-Z1. A summary description of the plan follows.
4.5.1 General Approach
Except for the special applications that are involved for the Voyager
mission and the new circuits that have to be designed to meet them, all
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Figure 5-21. Central Sequencing and Command Subsystem Schedule
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of the elements in the CS and C are standard items well within the state
of the art. The CS and C subsystem has been deliberately constrained
to a well developed standard state-of-the-art design. Its electrical,
magnetic, structural, thermal, and reliability characteristics have been
based on devices currently under funded development or production by
TRW Systems. On other programs, the detailed electrical specifications
have been negotiated, sources selected, and devices already received,
tested, and used. Similar or identical devices will be used on the CS
and S so that high reliability as well as minimum cost and schedule
difficulties will be assured. Although no new problems are anticipated,
the fact that a new configuration is being implemented means that detailed
analyses must be made. For example, size, weight and power require-
ments have to be determined. The registers, counters, decoding matrix,
and memory have to be sized. The decoding, control, and enable logic
have to be formulated and the circuits designed and sized for power,
weight, and reliability. The structural integrity in the anticipated physi-
cal environment must be established. Consideration must also be given
to reduce the susceptibility of the CS and C to electrical, magnetic, and
radiation environments. The design criteria must assure adequate cir-
cuit margins for long life and stability. This is particularly true of the
crystal oscillator and the divide circuitry which provides the spacecraft
frequencies and timing signals. Precedence for adequate margins has
already been set in the Mariner C CC and S and other inhouse designs
and will be continued in this program.
........ _ =_° Des n
a. Requirements Analysis
Supporting analysis will be provided to establish the functional
requirements of the CS and C subsystem. The effects of the requirements
on the design will be fed back to the systems analysis and to the design
of the other subsystems. Tradeoffs will be conducted to establish optimum
interface conditions and to define the CS and C design constraints. De-
tailed design implications will be fed back to iterate on the functional
r equir ement s.
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b. Lo_ic Analysis
A system of logic equations will be developed for the input
and command decoders and for the sequencer to define the CS and C
functions (see Volume 5). These equations must be analyzed for their
compliance with the requirements and for internal consistency. In
support of the analysis use will be made of logic simulation techniques
programmed on the IBM ?094. Since the logic must be adapted to the
special requirements of the mission, the effort will, for the most part,
involve new formulation.
c. Circuits Analyses
Analysis will be performed on the new circuits designed to
mechanize the logic equations and to form the power converter. The
results of such an analysis will yield confidence values of reliability,
worst case effects, parameter variations, drift stability, component
redundancy, crosstalk potential, and dynamic and static response.
Analysis will be made of input and command decoder tolerances
to a combination of white noise and spurious signals coupled with extreme
drifts of the component to determine the effect on false command comple-
tion.
Integrated circuits will be purchased and qualification tested
to meet the mission reliability requirements. The oscillator will be
selected to meet the long-term stability requirements for the system.
Special circuitry will be designed as required and tested to meet the
conditions discus sed above.
d. Packagin_ Analysis
A packaging analysis will be conducted to determine structural
integrity based on size and weight constraints, and the thermal, RFI, and
radiation environment.
Analysis of the CS and C packaging will be made to establish
that it meets the environmental requirements, and that outline dimensions,
weights, centers of gravity and moments of inertia are compatible with
the flight model spacecraft dynamics and thermal control.
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e. Testing Requirements Analysis
Analysis will be conducted to determine what test levels are
required to enable the subsystem to survive the environments of trans-
portation, launch, cruise, and the Mars orbital mission.
The four major units of the CS and C subassembly (input de-
coder, command decoder, sequencer, power supply) will be fabricated
and tested as independent entities. Each unit will be tested and qualified,
wherever possible, to the appropriate environmental specifications.
Vibration and accelerated life tests on a sample basis may be incorporated
at this level in order to test for any unknown failure modes. Finally,
upon integration of these units into a CS and C subassembly the total
unit will be vibrated and tested to an appropriate thermal vacuum environ-
ment.
The proposed development tests are summarized in Table 5-11.
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Table 5-11. Design and Development Test Summary for
Central Sequencing and Command Subsystem
Table 5-II. Design and Development Test Summary for
Central Sequencing and Command Subsystem
Test Title Purpose Test Unit Description Test Equipment Remarks
Input decoder
logic test
Command
decoder logic
test
Sequencer
logic test
CS and C
logic test
Oscillator
drift test
CS and C
Input/output
test
CS and C
input/output
test
CS and C
life tests
CS and C
type approval
tests
CS and C
type
approval
Verify logical Logical Logical equation test; Logic equation Removes
analyses and equations bit-by-bit simulation simulator pro- internal in-
design of the operations of gram and high- consistencies
the input decoder speed computer
Verify logical Logical Logical equations test; Logic equation Removes
analyses and equations bit-by-bit simulation simulator pro- internal in-
design of the operations of gram and high- consistencies
the command decoder speed computer
Verify logical Logical Logical equations test; Logic equation Removes
analyses and equations bit-by-bit simulation simulator pro- internal in-
design of the operations of gram and high- consistency
the sequencer speed computer
Verify integrated Logical
system logic equations
Logical equations test; Logic equation Checks
simulates integrated simulator and overall
operations of the computer consistency
CS and C
Verify long-
term stability
of oscillator
Oscillator Tracks the frequency Drift test
of the oscillator to oscillator
determine the varia-
tion from nominal
Breadboard
model
evaluation
Engineering
model evalua-
tion of
packaging
design at en-
vironmental
extr eme s
Determine
reliability of
system
Type approval
Engineering Provides input power, Subsystem
breadboard simulates input inter- test set
face, generates input
data (direct and quan-
titative commands),
furnishes loads for
output lines, and tests
output signals
A self-con-
tained, rack-
mounted unit
with power
supply, tape
reader, fre-
quency source,
test control
unit and cabling.
Engineer- Subject CS and C to Subsystem test
ing model environmental condi- set
CS and C tions, provide power,
simulate input inter-
face, generate input
data, furnish loads for
output lines, test
output signals
CS and C
Type
approval
CS and C
System applied to
common plate in
vacuum chamber
Environmental test,
Vacuum chamber,
variable tempera-
ture plate, thermo-
couples, recorders,
voltages, power
supplies
Environmental
vibration, temperature, test
thermal vacuum,
shock, acceleration
Type approval Proof
test
model
Space s_mulation test,
solar simulator in-
tensity 20% above
and Z0% below
realistic levels
Space simulation
chamber, solar
simulator,
support fixture,
capsule simulator
1 t2
4.6 Communications and Data Handlin_ Subsystems
4.6.1 Summary
The major components which form the communications and data
handling subsystems are as follows:
a) Elliptical paraboloid, high-gain antenna with a conical
horn feed
b) Circular paraboloid, medium-gain antenna with a
conical horn feed
c) S-band cup turnstile, low-gain antenna
d) Diplexers, hybrid coupler, and RF circulator
s wit che s
e ) S-band re ceive r
f) Signal processor
g) Excite r-modulator
h) S-band power amplifier and associated power supply
i) VHF receiver and demodulator
j) VHF turnstile antenna
k) Digital telemetry unit
l) Magnetic core memory
m) Signal conditioner
n) Tape recorders
RCA as a major subcontractor has design responsibilities for
items e through i and TRW has design responsibility for the remainder,
as well as over-all subsystems design responsibility.
The approach to development of the subsystems for 1971 is one
of early development and flight test on the 1969 test flight to the maximum
extent possible. All electronic equipment mounted on the modularized
equipment panels of the spacecraft will be identical even to reliability
redundancy except for the equipment used for experiment data on the
173
1971 mission. Three panels of electronic equipment including communi-
cation and data handling are identical in the 1969 and 1971 configurations.
The elliptical paraboloid antenna is identical for both flights; two S-band
cup turnstile low-gain antennas are used for 1969 while only one is
employed for 1971; a circular paraboloid medium-gain antenna is used
for 1971 but is not used for 1969; and the VHF turnstile antenna (capsule
link) is not used on 1969 since no capsule is carried.
Development of the communications and data handling subsystem
proceeds through Phases IB and II in the manner depicted in Figure 5-ZZ.
The communications subsystem will be designed to minimize long-
lead development and to utilize, wherever possible, off-the-shelf com-
ponents and state-of-the-art techniques. In the power amplifier area it
is planned to use the Apollo Z0-watt traveling wave tube which has been
flight qualified and will have been flown on the Apollo earth-orbit mission
before the Voyager launch. Considerable attention will be devoted to
studying the reliability of the tube for this particular application. Exten-
sive testing will be initiated during Phase IB and continued into Phase II
with the tube being subjected to the failure modes and power supply
variations possible during the mission. In addition, it will be tested to
the required environmental limits so that a complete reliability assess-
ment of the TWT can be determined. Apollo test results will be received
and the data incorporated wherever possible.
During Phase ]]3 a survey will be made on the possibility of using a
low-noise preamplifier using tunnel-diodes or hot-carrier diodes to
improve the performance of the S-band command link. Although tunnel-
diode amplifiers are already operational, insufficient life-test data is
available for adequate reliability definition. It should prove relatively
simple to add the TDA to the system should satisfactory results be
achieved during the Phase IB test evaluation study (see Volume 5, Section
i. 5).
Development of the tape recorder for bulk storage will receive
close attention to maximise the use of off-the-shelf equipment. Areas
which will required some development effort are as follows:
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a) The servo system required to control tape speed during
the playback will be investigated in detail since it is
required to synchronize the tape recorded data with a
signal clock. Control servo loops, and the available
motors will be investigated.
b) Various techniques will be investigated for buffering the
tape recorded data to synchronize it with the system
clock.
c) Integrated circuits will be studied to insure maximum use
in the system. Particular, a strong effort will be placed
on the use of sense, DC, or differential amplifiers for
recovery of data from the read heads.
Development effort will also be required in the microwave area,
consisting of fabrication of several prototype horn radiators, simulation
of the feed-support transmission line for each design, and measurement
of characteristics of each, both in free space and in conjunction with a
paraboloid reflector. Various techniques will be investigated for their
suitability is suppressing undesirable radiation modes. Most of these
are standard practice and will be employed in conjunction with the
measurements indicated above.
The radiation pattern of the low-gain antenna system will be investi-
gated. The requirement to provide wide coverage while providing at
least Z-db gain is incompatible with a single aperture. The use of two
apertures mechanically integrated but electrically separated offers the
best choice of achieving the desired results without the use of switches.
Electrical decoupling of one aperture from the other by 5 to 10 db will
satisfy the early flight requirements. Later flight requirements will be
satisfied by the primary antenna. The amount of decoupling and the
angular displacement of the two apertures will be investigated. Since the
pattern will be affected by the spacecraft, development tests will be
accomplished with the antennas attached to a mock-up of the spacecraft;
making use of a scale model of the spacecraft at the appropriately scaled
frequency. Radiation patterns of various mechanical configuration will be
measured, each with varying degrees of coupling between the two aper-
tures. The configuration yielding the widest coverage with the least
interference between the apertures and by the spacecraft will be incorpo-
rated into the spacecraft antenna system.
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4.6. Z Analysis
During Phases IB and II, analytical studies supported by equipment
analyses will be performed before communication subsystem configuration
is frozen. These studies, some of which are extensions of those conduct-
ed in Phase IA, will be establish the basis for determination of sub-
system performance, reliability, modulation and synchronization tech-
niques, operational modes, and configuration requirements.
An investigation of the applicability of planetary and adaptive range
codes with respect to efficiency, acquisition time, resolution, and accu-
racy will be conducted. The more efficient adaptive codes would permit
ranging with lower power gain, as well as shorter acquisition time.
The intermodulation effects in a two-channel system occasioned by
filtering will be studied. The composite data-pulse-sync signal will
s uffe r inte rmodulation di sto rtion in pas sing through RF and IF fiIters ;
these effects on data and sync will be assessed. Both the telemetry and
command channels will require investigation.
An extension of the analysis performed in Phase IA on PN synchroni-
zation acquisition for telemetry will be required. A comparison of the
offset frequency technique versus automatic acquisition by code-stepping
will be investigated. Acquisition time, efficiency both in communication
power requirements and equipment complexity, and probability of acquir-
ing are the significant comparison parameters. In addition, a study will
be required on the command sync acquisition for the basic frequency
offset technique and the pull-in characteristics in ambient noise. Ana-
lytical verification of the 1/3 probability of acquisition for the Mariner
C will be attempted. Since the command sync acquisition time is so
long, a better understanding of the mechanism is needed. For example,
if failure to lock on an initial sweep can be recognized, the sweep can be
accelerated until the vicinity of the next lock point is reached. This will
improve the effect of the high probability of failure-to-lock on a single
trail.
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An extended analysis of the effects of practical filters on PN syn-
chrordzation will be performed. This study will more exactly develop
the degradation in the PN sync loop error function caused by various
bandwidth restrictions. The carrier tracking loop introduces a high-
pass characteristic ("droop") in the pulses. DSIF telemetry bandpass
filters and spacecraft filters prior to the command detector cause round-
ing of the square waves. Estimates of these effects are required to
establish more realistic sync loop thresholds, in-lock detector threshold,
and probability of false acquisition.
Additional study beyond that made in Phase LA will be performed for
the optimization of power division between data and sync in the command
link. Present practice is to allocate power on the basis of the data re-
quirements and a somewhat arbitrary sync threshold. A better approach
is to minimize the total power required for both channels for a given data
bit error rate performance. Consideration will be given to the best
choice of data subcarrier frequency, considering the lower limit set by
carrier loop tracking and the upper limit set by subcarrier phase jitter.
Once the data subcarrier frequency is known, the best power split between
data and sync will be determined such that the data performance is
optimized regardless of any arbitrary sync threshold. In addition, an
extension of the carrier-data, including sync power division optimization
discussed in Appendix D, Volume 5, will be needed. The analyses
discussed in Appendix D must be extended to a two-channel system where
data and sync are separately affected by a noisy carrier reference.
Current power budgets for the three different Links involved during
the Phase IB and II programs will be maintained. These budgets will be
updated periodically as more data on the subsystem becomes available.
A transponder spurious response analysis will be performed. The
response of the frequency tracking loop will be investigated, taking into
account the possible interference modes of the spacecraft receiver which
may arise from self-generation of undesired responses and cross-
coupling between receivers and between transmitter and receiver. In
addition, the phase distortion will be studied to apportion the distortion
budget between the various subsystem equipments.
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Over-all reliability analyses will be made in the following areas:
a) A reliability assessment will be conducted to obtain
estimates for each subsystem within the communication
subsystem for the purpose of determining the reliability
of the individual links. The reLiabiLities are computed
using parts list information and best failure rate infor-
mation in connection with actual subsystem configuration,
including all redundancy, along with the established stress
levels.
b) Parts evaluation will be conducted to establish a preferred
parts list. The evaluation will give consideration in terms
of environment, magnetics, shelf-Life, parameter drift,
and operating Life.
c) A failure mode and effect study will be performed to
to estabiIish redundancy requirements and total communi-
cation subsystem failure modes. The study will be based
upon the calculated reliability and mission requirements.
Different redundant configurations within existing con-
straints will be investigated.
d) Circuit analysis will be performed on each subassembly
within the communication subsystem to prove worst-case
to end-of-mission operating requirements are satisfied.
Design data and breadboard test results will be used as
primary input for these analyses.
A packaging and layout analysis including thermal and RF shielding
studies will be performed to determine the best construction and fabri-
cation to insure structural integrity, ease of reproducability, assembly,
and test.
An analysis will be conducted to determine the effects of various
types of errors in the construction of the high and medium-gain antennas.
This analysis is for the purpose of evaluating the effect of random and
periodic errors on the gain and sidelobe level of the secondary pattern.
In addition, a study will be made to determine cone and clock angles of
the spacecraft with respect to earth, and spacecraft with respect to Mars,
for all possible trajectories from lift-off through Mars orbiting. The
variation of these angles as a function of time will determine the exact
coverage required on the various antenna subsystems to satisfy mission
requirements.
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4.6.3 Design
The design effort will be divided between Phases IB and If; the
subsystem and individual equipment design specifications, including pre-
Liminary interfaces, will be determined during IB, and detailed equip-
ment design will be completed during Phase If. Key areas will be studied
with the initiation of some breadboard designs during Phase IB, e.g. ,
TWT, tape recorder, and selected antenna elements.
Some preliminary design studies will be necessary in Phase IB to
establish approved preferred parts Lists and to determine where new
parts and material specifications will be required. The preparation of
these specifications will be initiated during the second half of Phase IB.
a. S-Band Receiver, Exciter-Modulator, and Low-Power
.Amplifier
In consideration of reliability, risk, and schedule require-
ments, a transponding system will be selected from an existing design
or as an adaptation of an existing design, e.g. , those for LEM, Apollo
CSM, Mariner C, Lunar Orbiter, or Pioneer. Factors involved in the
selection will be performance, packaging constraints, modifications
needed to meet magnetic cleanLiness requirements, ethylene oxide
compatibility, and acceptabiLity of existing parts against those estabLish-
ed for Voyager. One of the above sources, the Pioneer transponder
alone was designed to meet magnetic cleanLiness requirements, whereas
only the Mariner C transponder has had space flight experience.
It is planned that a thorough program of investigation be con-
ducted on two or more transponder designs during Phase IB, to en-
compass the following:
I) Analysis of design changes and compromises required to
accommodate Voyager performance specifications,
Voyager approved parts list, ethylene oxide sterilization,
and magnetic cleanliness
2) Evaluation of the qualification requirements for critical
nonstandard parts
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3) Evaluation of the manufacturers' processes and controls,
down to the part level
4) Development and evaluation of engineering breadboards and
models of modified design areas
Implementation will require a competitive bid program early
in Phase IB with an award to the several manufacturers having the best
promise of hardware success. One of the designs evaluated willthen be
selected in Phase II for detailed design, fabrication, test, and flight
hardware delivery. No schedule problems are anticipated during Phase
II. The Lunar Orbiter transponder development, an extension of the
Mariner C design, required ll months to prototype qualification.
b. Power Amplifier
Twenty-watt TWTA's have been qualified for the Apollo
program. However, a study will be required in Phase IB to assess the
reliability of these tubes in view of Voyager mission requirements.
Consequently a reliability test program will be initiated early in Phase
IB to assure that there are no problems associated with the various
flight spacecraft failure modes and environments.
c. Command Detector
No problem areas are foreseen in the design of the command
detector except the magnetic cleanliness and parts qualification exercise
which applies to alI elements of the subsystems. Phase II offers no
schedule problem, prototype qualification occurring within 14 months.
d. VHF Receiver
The implementation requirements for the VHF receiver will
depend to some extent on the type of link established for capsule-space-
craft communications. However, spacecraft AM and F1V[ receivers are
in the indistrial inventory and, other than magnetic cleanliness and parts
analysis during Phase IB, little development is required.
e. Data HandI/n_
The design effort in the data handling subsystem will commence
with the evaluation of existing microcircuit modules with respect to
18Z
jd
Voyager requirements to establish whether modifications are needed.
Some new or special circuit modules may have to be developed to meet
the design requirements. In addition, a standardization study will be
conducted to minimize the number of different types of modules and
the operation of modules will be analytically and experimentally verified
over the temperature range.
Based on the required encoding accuracy the number of bits
and techniques for A-D conversion will be re-evaluated. The present
scheme is based on 7-bit conversion accuracy and gated comparators,
but a 6-bit system with simple diode gating might be sufficient. During
Phase IB, a preliminary detailed subsystem block diagram will be
prepared within the constraints of weight, power, flexibility and relia-
bility. Special consideration will be given to re-examining the formats
and modes established in Phase IA in view of new information on the
experiments and engineering measurements. During the early part of
Phase If, the detailed design will be completed and breadboard testing
will be conducted.
f. Data Storage
Early in the development of the recorder the interface must
be defined in detail, including the input and output data signals as well
as the control functions, clock, and synchronizing signals. The means
for commanding the recorder into its various modes of operation, will
be studied together with techniques for controlling the tape recorder.
The requirement to synchronize stored data with the main
clock requires attention in the design of the drive system. The speed
changes required will need special attention. Studies will be made to
decide whether belt transmissions, clutches, or orther techniques should
be used to meet the read-and-write drive requirements. The selection
of the drive motor will be coordinated with the choice of the servo scheme
and will involve a survey of the motor manufacturers to seek the most
reliable motor.
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Integrated circuits, where proven, will be used for the read-
and-write amplifiers, and logic and control circuits. At the present
time, end-of-tape sensors in satellite recorders are not considered
reliable enough for the Voyager program; it is possible that redundant
techniques are the only solution.
g. Antenna Subs[stems
In Phase IB initial study of Voyager antennas will be centered
upon the theoretical aspects of large aperture antennas, with emphasis
the constraints imposed by the electrical performance of the feeds,
transmission lines, and actuator mechanisms under the influence of the
environments. The basic structure as well as the surface tolerance
requirements will be established. Analyses of the various structures
under the influences of thermal, vibration, acceleration, and shock
loading will be completed and their electrical performance will be deter-
mined analytically.
Breadboard activity will include investigations of the antenna
patterns of the low-gain and VHF antennas on a scale model of the space-
craft, as well as full-scale models of the low-gain, VHF, and feed horns
for the paraboloids. Pattern, gain, and impedance data as well as axial
ratio measurements will be obtained from the full-scale model. Some
full-scale breadboarding will be required of the paraboloid and drive
me chanis m.
Engineering models of the antenna subsystems will be fabri-
cated and tested from the engineering model drawings. Complete testing
of all portions of the subsystems will be performed to allow final design
specifications to be written. The data to be acquired will include antenna
patterns, absolute gain, impedance, axial ratio, efficiencies and insert-
ion losses, coupling measurements, and testing under environments
which are felt to be critical loadings for the components. The engineer-
ing models will be assembled into the subsystems and tested as complete
assemblies as well, to provide functional data.
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The gimballing of the high and low antenna assemblies is
planned to be accomplished by adopting the OGO solar panel drive to
the Voyager application. Since the Voyager requirements are similar
to those of OGO, and flight experience and life testing have been accom-
plished with good results, no major problems are anticipated. The
electronic circuitry will also be based upon OGO experience.
4.6.4 Magnetics
The communication subsystem will be divided into two sections
for magnetic considerations, those units that are the same or similar
to units flown on other spacecraft and not considered problem, and
those that are a problem.
Falling into the first category are such assemblies as the receivers,
command detectors, modulator exciters, DC converters to power the RF
amplifiers, demodulators, VHF preamplifiers, signal conditioner, and
core storage unit. These assemblies are not a problem in the sense
that acceptably small magnetic fields can be obtained (4 to 8y at 1 foot)
if careful parts screening and material control is instituted concurrent
with initial breadboard design. Modification and parts substitution in
completed units may result in need for extensive redesign.
The remainder of the various assemblies in this subsystem
will be approached as potential magnetic problems. These are discussed
below.
a. Power Amplifiers
Although the TWT is listed in the problem area, the success in
compensating similar assemblies on such programs as Pioneer, along
with the careful positioning and rotation of the unit on the spacecraft in
relation to the magnetometer sensor, can result in fields of 0. I_/ at the
sensor. If a klystron is used on later missions to obtain higher RF
power levels, the lack of magnetic focusing for such a unit reduces this
to a normal assembly involving only kovar to glass sealing.
185
b. Circulators
Similar circulators flown on Mariner have exhibited a field of
7.5_ at 12 inches, the majority of which is stray field from the energi-
zing current required to hold the switch in a preferred position. It is
not known if the magnetic field can be reduced by better shielding or by
magnetic compensation. Further studies will be made on this assembly.
c. Antenna Assemblies
Although the antenna dishes are expected to be nonmagnetic, the
means of orienting these dishes involves torque motors and a magnetic
pickoff. Reduction in the magnetic field of these assemblies is expected,
by careful control of the motor windings to minimize the leakage fields,
matching of the permanent magnets, and using preferred shielding and
compensation technique s.
d. Digital Telemetry Units
Integrated circuits will be used extensively in the digital
telemetry units. Studies of the magnetic properties of various types of
circuits from four different suppliers indicate a magnetic field of 21¥
at 3 inches after magnetization. Since the majority of this is due to the
case and leads, it is probable that an optimum type of packaging using a
nonmagnetic material can reduce the field to that caused by the leads.
This could be minimized by trimming back lead lengths to something
less than I/8 inch.
e. Tape Recorders
Tests on the OGO recorder show them to be quite magnetic.
Within the tape transporter, three magnetic latching relays, a DC erase
head, and a negator spring (used for tape tension between the feed and
take-up reel) were the main contributors. With solid state switching
to replace the relays or by shielding and compensating these relays
together with changing to an AC type erase head and using a nonmagnetic
material for the negator spring will probably reduce this unit to the
magnetic limits.
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4.6.5 Test
Development tests will be used to corroborate the analyses
investigate and to verify that over-al[ system requirements are met.
Two complementary sets of development units will be used, breadboard
and engineering models.
a. Breadboard Test
In the microwave area, breadboard activity will progress in
the form of scale model testing during Phase IB. This testing will
consist of evaluating the low-gain antenna patterns using a scale model
of the spacecraft. In addition, full-scale experimental testing of the
feed horns for the parabolic antenna will be conducted during Phase IB
to determine the efficiency of illumination of the aperture and the leakage
energy through the aperture surface.
Early in Phase IIB, and continuing into Phase II, extensive
engineering reliability testing of the traveling wave tube will be carried
out. The tests to be performed will establish DC power supply interface
requirements, operational failure modes, and their effects on reliability.
In support of the analysis of PN synchronization acquisition,
some experimental laboratory testing will be required to investigate
acquisition with respect to possible distortion by the phase-lock loop
bandwidth under strong signals condition.
A selected and limited amount of module circuit breadboard
testing in the data handling area will be conducted during the latter half
of Phase LB. Investigation of certain _rdcroelcctronic components will
be evaluated during these tests so that an early design on new modules
can be expedited at the start of Phase II.
During Phase IB almost all units for the 1969 test flight
will require some breadboard testing if final drawings are to be released
for 6 to 9 months after the start of Phase II. The breadboard circuit
tests outlined in the test matrix, Table 5-1Z, will consist of low and
high qualification temperature levels, to ascertain conformance to their
appropriate equipment specifications.
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Next the breadboard units will be interconnected to check
critical subsystem compatibility, mutual interference, DC voltage
and signal variations, and presence of spurs. The breadboards will
be used throughout the design effort to conduct special tests required
by design modifications or performance changes.
b. En_ineerin 8 Model Test
The engineering model testing will encompass all performance
and environmental tests required to verify the adequacy of the design.
The drives for gimballing the parabolic antennas will be
fabricated and tested in the engineering model configuration. There
are no plans for breadboard testing these drives; over i0,000 hours
of life testing has been accumulated on the drive to date.
Since two engineering models of each unit will be fabricated,
plans are to test one as a unit and the other as a part of the engineering
model spacecraft system. The engineering model tests afford early
evaluation of flight configuration interface design and over-all integrated
performance. The first engineering model fabricated will be designated
for the unit tests. It will be inspected for mounting, connectors, dimen-
sions, weight and center of gravity locations. The units are then tested
in accordance with the test matrix. At the conculsion of the unit level
testing, the individual units will be integrated to form partial, or
complete subsystems and subjected to compatibility testing.
For the subsystem test setup breakout cables between boxes
will expedite testing: Units are tested in flight spacecraft layout confi-
guration so that proper lengths of coaxial cable can be utilized for
determining line losses. Successful performance of the subsystem tests
will confirm satisfactory subsystem operation and reduce the possibility
of incompatibility problems with other subsystems.
Life testing on the final choice of low-noise preamplifiers to
be evaluated will be started during the second half of Phase IB can be
made at the outset of Phase II.
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4.6.6 Schedule
The communications and data handling milestone schedule is
depicted in Figure 5-Z3. To meet the 1969 need dates the manufacturing
drawings are required 6 to 9 months after Phase II go ahead. Prior
milestones have evolved from this constraint. As soon as the subsystem
requirements are reasonably defined, a conceptual design approach will
be developed.
The traveling wave tube procurement will be initiated in the second
month of Phase IB so that reliability testing on the TWT can begin no
later than the fifth month and completed by the end of Phase IB.
Critical items of development planning will be completed shortly
after the beginning of Phase IB. The subcontractor for the development
of the tape recorder will be chosen within the first few weeks of Phase
IB. This item is extremely important from the aspect of having a bread-
board model completely fabricated and tested by the end of Phase IB.
The key to this critical area is to determine by the start of Phase II
the preliminary design for the servo system to control the speed during
playback and the technique for buffering the tape recorder data for
synchronization with the system clock.
In an effort to improve the relay link performance, development
will be pursued during Phase IB so that frequency uncertainties over
a long period can be decreased through crystal development or oscillator
circuit stability advancements.
In addition, it will be necessary to commence scale model space-
craft antenna fabrication, low-gain antenna subsystem tests, and full
scale feed horn model testing during the five months of Phase IB in order
to meet the 1969 flight need date on a timely basis.
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Figure 5-23. Communication and Data Handling Subsystems Schedule
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4. 7 Power Subsystem
4.7. 1 Summary
In the development of the spacecraft power subsystem TRW pro-
poses to be the source for the battery pack, power control unit, shunt
elements assembly, battery regulator, and the inverters; it is proposed
to subcontract the design, development, and fabrication of the solar
array to RCA. The development of the subsystem consists of the activi-
ties shown in Figure 5-Z4 on the schedule in Figure 5-Z5.
a. Development Problems and Approach
In the preliminarydesign of the power subsystem, it has
been assumed that the sun will be eclipsed after the first month in or-
bit at Mars, and that these eclipses may be as long as Z. 3 hours. The
expected low temperature which will be reached by the solar array during
the longest eclipses (approximately -160°C) is a problem which requires
careful attention during Phases IB and II. TRW has been faced with
similar problems in the OGO program, where array temperatures of
-160°C were expected under certain orbital conditions. OGO solar
panels have been qualified to -140°C. However, only three thermal
cycles were required in the OGO ql,alification specification, whereas
Voyager will experience a much larger number of eclipses during its
six months' life in orbit at M_rs. Similarly, RCA has qualified solar
panels for the Lunar Orbiter program down to -120°C, for up to 600
thermal cycle s.
The low temperature problem will be approached in Phase IB
through an engineering sample testing program designed to evaluate
the temperature cycling behavior of sample cell modules, bondings,
and substrates. Several options will be available in the event that the
desired low temperature qualification is not achieved by the Phase IB
freeze date:
• Suffer the power, weight, and size needed to keep the
array warmer during the longest eclipses.
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• Adopt a more efficient design in a tradeoff of increased
performance and mission capability during the early
months against the probabilities of achieving an orbit
which occults the sun during the later months
• Apply a compromise approach to the 1969 mission and
continue design efforts with the expectation of finding an
acceptable low temperature design before a 1971 con-
figuration freeze
The latter could result in a 1971 design which has not been flight evalu-
ated in 1969, although it is likely that the major design features will be
common.
4.7. 2 Analysis and Design
The Phase IA analysis of the total sub system will be refined to
include any revised system requirements. Revised requirements for
each unit of the subsystem will be issued, and a subsystem specifica-
tion will be released including updated power requirements and data
and interface criteria. The subsystem electrical interfaces will be de-
fined at the schematic level, including unit testability after spacecraft
installation, interconnection with the electrical integration subsystem,
and other spacecraft equipment. The performance analysis will include
steady-state and transient operational analysis, failure mode analysis,
and reliability assessments. This analysis is updated throughout the
development phase. Finally the formal final subsystem block diagram,
specification and performance analysis reports are released.
a. Solar Array
Preliminary solar cell, cover glass, and module specifica-
tions will be generated and sent to potential suppliers of solar modules.
Briefing sessions will be held with vendors regarding fabrication tech-
niques, design, and costs. A source will be selected and justified.
Characteristic I-V curve data will be measured for typical
cells and modules supplied by the vendor. Based upon updated power
requirements, a preliminary solar array configuration will be established,
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analytically degrading the typical I-V curves to yield design array out-
put for beginning of life, cruise, and orbit around Mars. A parametric
study of the orbit, time after insertion, and panel design characteristics
will be made. Estimation of anticipated radiation effects on the solar
array will be made using available data, which should include results
of the Mariner 4 mission.
A detailed preliminary reliability analysis will be performed
on the specific array design taking into account the failure modes and
their effects on array performance from launch to end-of-life.
l_rom the array configuration analysis and structural inter-
face inputs, a preliminary array layout will be made to achieve the
required number of modules in series, and the required number of
parallel module strings. The layout will also include preliminary de-
tailed wiring between module strings, diode packaging and assembly
details, thermistor details for temperature telemetry, and voltage and
current telemetry component boards. Intermodule wiring will consider
magnetic moment effects. The layout and a preliminary parts list will
be generated by Design Review No. 2 at the end of the fifth month of
Phase II.
Analysis will be supported by testing of Q-boards and panel
mockups.
b. B atte r)r
The battery load requirements will be revised to provide up-
to-date inputs to the design analysis, which results in the preparation
of final interface definitions, and battery and cell specifications. These
specifications, together with supporting instructions and drawings, will
constitute a preliminary design. Battery magnetic moment effects will
be minimized in the design by proper arrangement of cell orientation and
intercell wiring and connections.
Evaluation cells will be procured for performance verification
tests. Data from these cell tests will aid in the preparation of cell
acceptance, battery acceptance, and qualification test procedures.
197
Battery packaging layouts will then be initiated, concurrently
with thermal and structural analysis. Production drawings will not be
released until completion of engineering model environmental tests.
The thermal design of the battery will involve the selection
of insulating and bonding materials which satisfy the requirements of
electrically isolating each cell from the base plate while providing heat
conduction between them. The structural design of the battery will in-
clude analysis of internal pressure as well as shock and vibration factors.
The most probable failure modes in silver-cadmium batteries
are:
i) Seal Failures
• High internal pressure
• Mechanical damage
• Weld stresses
• Electrodeposition of braze alloys from
seal weld
2} Short Circuit Failures
• Misalignment of one of the electrode placques
• Silver migration on ceramic insulator
• Insulator breakdown
• Impurities from fabrication processing
• Flaking plate material due to improper
heat treating and/or excess material
• Battery connector shorts
B) Open Circuit Failures
• Connectors
• Seal leaks
• Broken plates due to dynamic environment
These failure modes will receive an engineering analysis to determine
the most reliable .battery design.
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TRW will maintain close surveillance over the battery cell
vendor's test procedures, acceptance tests, failure reports and cor-
rective actions. This activity will be supplemented as necessary by
TRW participation in vendor analysis of critical design areas.
c. Power Control
Power control includes three units designated as the power
control unit, shunt elements assembly (SEA), and the battery regulator.
Power Control Unit. The power control unit provides voltage
sensing and error signal amplification to control the SEA; and battery
regulators, sensing, logic and relays for control of redundant power
system units; synchronization signals; and telemetry monitors of cur-
rent and voltage. The proposed mode of array voltage control is with-
in the capability of existing TRW developed circuit concepts. The sup-
plementary functions related to control of redundant units, conditioning
of telemetry signals, and generation of synchronization signals also
present no new development problems. Upon definition of specific sys-
tem requirements, tradeoff studies will be made to enable detailed cir-
cuit and module designs. The array shunt point and shunt element dissi-
pation requirements are dependent on the loads profile, the number of
parallel connected array sections, and the output characteristics of the
array under various operating conditions.
Thermal analysis of the PCU establishes maximum component
temperature levels at critical modes of operation. Failure modes
analysis includes effects of both open and short circuit conditions un-
der worst case voltage, current, and power characteristics of the com-
ponents. An analysis of the comparative merits and reliability of using
relays or solid state battery circuit switching will be performed to
assure that adequate reliability is attained.
Charge Regulator. A battery charge control technique has
been designed, breadboarded, and tested on individual silver-cadmium
cells. The present circuit uses standard components assembled by
welded wire techniques. Each individual cell voltage is measured and
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compared with a reference. When the cell reaches a voltage equal to or
greater than the reference voltage, a signal is sent which terminates
charge to the entire battery. In this way, the first cell in the battery
to reach a maximum voltage level will terminate charge to the entire
battery. The voltage limit at which this occurs is varied as a function
of temperature. The voltage-temperature function can be varied over
a wide range by appropriate selection of network components. Four
basic tasks remain before a complete cell level charge control model
can be constructed:
I) Current Compensation. The limiting voltage of a silver-
cadmium cell varies as a function of current, as well
as temperature. The charge control system must be
modified to include the voltage limiting as a function of
current variation. Several circuit concepts have been
designed at TRW, although not yet implemented. Circuit
development effort will include current compensation of
voltage limit.
z) Charge Control--Parametric Data. Additional para-
metric data must be generated to supplement existing
data for the complete expected range of operation of
the Voyager battery system. Tests will determine the
variation of voltage limit as a function of temperature
(at constant current) and current (at constant tempera-
ture). These data will be obtained using a battery
characterization test program.
3) Voting Logic Design. The charge control system can
be designed so that a full charge signal is required from
one or more cells in order to terminate charge to the en-
tire battery. If a large number of cells must signal full
charge before battery charge is terminated, the probabili-
ty that one of these cells will overcharge increases; the
probability that failure of a single voltage sensing module
will affect the battery charge operation decreases. Tests
will determine the effect of cell mismatch and of multiple
signal requirements upon the probability of severe over-
charge of the weakest cell in the pack and the appropriate
design of voting logic for the charge control device.
4) Design of Integrated Circuitry. Because the voltage sens-
ing modules may be designed to operate directly on the
voltage of a single cell (a maximum of I. 6 volts), micro-
20O
circuits can be used. This enables a considerable de-
crease in the over-all weight of the charge control system
and leads to increased reliability, decreased sensitivity
to temperature variations, and improved batter packag-
ing technique s.
The voltage sensing portion of the battery charge control will
be mounted on individual battery cells and packaged as an integral part
of the battery. The current limiting element will be packaged as a part
of the battery regulator. Engineering model battery and battery charge
control tests will be performed to verify the reliability and performance
of the control system design. Complete breadboard subassemblies of
the battery and charge control will be constructed and tested. Charge
control failure modes will be programmed and tested to determine the
adverse effects upon system operation. Simulated failures of pre-
mature turn-off signal, failure to turn off, and other failures will be
simulated and their effects upon the over-all system assessed.
Boost Regulator. A design study comparing circuit approaches
for optimum efficiency includes active element, core, and copper loss
evaluated as a function of switching frequency. Although reliability is
increased by redundant active elements within the regulator, this
approach is wasteful of drive and forward drop losses. Further analysis
will be made to compare with a system utilizing majority voting for the
on-off control logic and a conventional boost regulator design.
Based upon these analyses and other subsystem requirements,
specifications and functional schematic diagrams will be prepared. Per-
_-1-1.:" I-,_,A andformance requirements for each functional module will be esL tu_s ....
module specifications issued. Detailed circuit design will proceed based
upon these specifications. Thermal analysis will continue as a reitera-
tive process as packaging layout of the modules and unit assembly
progresses.
d.
inverter packages,
Power Conditionin_ Analysis and Design
Power conditioning requirements will be provided by three
with output frequencies of 4. 1 kc, 820, and 410 cps.
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The performance requirements are within the capability of conventional
design concepts.
After final definition of load and voltage requirements, de-
tailed design will be implemented to maximize reliability and efficiency.
Inherent in the generation and distribution of square wave AC is the re-
quirement for detailed attention to RFI supression and susceptibility.
Thermal analysis of the preliminary package configuration
for each inverter will establish maximum component temperature levels
and will include an assessment of the following performance parameters
and design characteristics:
• Regulation
• Distortion
• Turn-on and turn-off characteristics
• Electromagnetic interference
• Size and weight
• Efficiency
• Reliability
• Component stress levels
• Thermal considerations
• Mechanical stress
These analyses will support formal design reviews, and
together with other subsystem requirements will result in specifications
for each of the inverters. Performance requirements for functional
module assemblies will be established and module specifications issued.
Detailed circuit design will proceed based on these specifications.
Thermal analysis will continue as a reiterative process as
packaging layout of the modules and total inverter assembly progresses.
Electromagnetic interference is a prime consideration in circuit design
and layout of components. A modular packaging concept permits
placement of parts according to circuit function with short inter-
connections between functions. Each inverter package layout will have
2O2
a metallic enclosure constituting an uncluttered section which will be
the connector area. Input filters are imposed between the connector
area and the inverter functional circuitry. The layout will attempt to
cancel generated fields by proper orientation of components and
modules. Conducted RFI and magnetic fields will be cancelled by
utilizing twisted pairs between modules. Design analysis will be
supported by breadboard and engineering model testing.
Design reviews and documentation during the development
phase of the inverters will be similar to the corresponding procedures
for fabrication and test.
4.7.3 Subsystem Development Tests
Subsystem development testing will be performed using both
breadboard and engineering model equipment as shown in Table 5-13.
Both series of tests will utilize the equipment previously used in unit
development testing. Breadboard bench testing of the subsystem will
be essentially concluded at the time of the second design review. Per-
formance testing of the engineering model subsystem will have been
completed prior to Design Review No. 3. As individual units, the
breadboards and engineering models will have completed engineering
testing prior to subsystem testing.
A solar array simulator and dummy loads will be used for both
breadboard and engineering model testing. Engineering models of the
battery wiii be incorporated _.ntothe subsystem as part of the engineering
model test phase. Subsequent spacecraft integration tests will determine
the total system compatibility for performance and electromagnetic
interference.
a. Solar Array Development Tests
Development tests are performed to probe design un-
certainties and to confirm the adequacy of analytically-derived design
solutions. For the tests three complementary sets of development
components are planned: Q-boards, mockups, and engineering models.
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Q-boards are solar panel sections manufactured to
specifications employing flight processes and materials. Q-board
testing, while providing the designer with means for assaying perform-
ance with minimal effort and delay, is limited by the smaller size of
panels as to the types of tests which yield meaningful data. Thermal,
structural, and magnetic mockups are duplicates of the flight com-
ponent with respect to the particular design area. Accurate mockups
will be made available for timely system level tests in each design
area. Design changes suggested by the systems tests will be fed back
to the design effort as early as possible.
Q-Board Tests. The prime virtue of Q-board tests is
their ability to provide performance data during the preliminary design
phase. The test sequence (Figure 5-26) is designed to furnish the
most useful information first. The Q-board tests shown in the test
matrix (Table 5-14) are intended to yield preliminary data on the
materials and processes employed in solar panel fabrication. Possible
degradations due to temperature extremes and temperature cycling
of particular interest to the Voyager mission, are tested by subjecting
Q-boards to thermal vacuum cycling. By accelerating the cycling
rate, the fatigue data obtained is applicable to the mission. A Q-board
will be magnetically tested for data on materials and processes.
Current loops will be checked although differences from flight con-
figuration will limit the usefulness of this data. Solar panel materials
and processing will be checked for compatibility with ethylene oxide
gas by exposing Q-boards to an excess concentration of the gas over
a prolonged period. Static and vibration tests will validate or modify
analytically-derived mechanical characteristics. The final test
planned for solar array Q-boards is an exposure to humidity to
determine the effects on materials and manufacturing techniques.
After each environmental test, insulation resistance and I-V output
characteristics under artificial illumination will be checked for
de gradation.
205
b_
F_
0
0
>
>-
<
b_
0
Or)
#
I
uth
0
F_
o
o_
_o_
_'_
o
o
o
_o_
•,_ _ !_ :>, rl
m r_ _g_/ 0
0
o
0
_,
o _ _ 0
o o t_ _,_ O
,_ o *_ o_
_l 0 _ 0 U
_,_ .,_
o t_ N
,._ _._ ._
_ _ _ _._._o
•_ _ _= __ .
e a _ _t _-1.,_
m;"_ _._ _ 0 .,_
o_ o_o_
0 _ o o_ _ _
,._ _.,'_ N 0 _ e_O
m.,_.'_ _,_ _ _ _
_,_0
o_._
.5_. °
_.°g 5
._ _.,_
._._
_._o
"_
oo_
_ o
o
(2
o
m 0
_ N
,_._
m_
i
o
t_ o
% 0)
_ m
0 m
"_
.,-_ _ _ _
_uu _o
o N 0
._ _ _
__ _s
206
ILLUMINATION
PERF TEST
SOLAR
PANEL
PRELIMINARY
DESIGN
Q-BOARD*
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MANUFACTURED TO SPECIFICATION
Figure 5-26.
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ILLUMINATION ILLUMINATION
PERF TEST PERE TEST
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(VIBRATION
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PERF TEST
I
Q-Board Development Tests
HUMIDITY
TEST
ILLUMINATION
PERF TEST
Mockup Tests. Mockups will be fabricated for thermal,
structural, and magnetic testing. A thermal model will be integrated
and tested by TRW. Since test results are required during the
development phase before flight configuration components become
available, RCA will supply for this use a thermal mockup of the solar
array. The thermal mockups will conform to the existing flight
design in outline and mounting dimensions, and in thermal surface
finish.
Two structural test dummies of the solar array will be
furnished to TRW for vibration and static tests on spacecraft
structural models conforming to the flight design in outline, mount-
ing dimensions, weight and cg location, and material and fabrication
To determine the solar array magnetic field intensity, a
dummy array will be provided using conducting strips in place of
solar cells. The circuit paths will accurately duplicate the flight
design so that the magnetic field intensity due to current loops will
correlate with the flight array. Magnetic test results will be available
for Design Review No. 2. Structural and thermal test results will be
available for Design Review No. 3. Table 5-15 presents the
characteristics and environments of tests by components of the solar
array.
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Table 5-15. Solar Panel Development Test and Evaluation Matrix
Solar
Solar Cover Cell Complete
Cells Slides Modules Q-boards Panels
Characteristics:
Examination of product
and weight
V-I characteristic
Dimensional check
Magnetic field
Contact peel
Transmittance and
cut- off
X X X X X
X X X X
X X X X X
X X X
X X
X
Environments :
Temperature cycling X X X X
Thermal-vacuum X X
Vibration X X
Tungsten light X X X X
Natural sunlight X X
Humidity X X X
S hock X X
Static load X X
Ethylene oxide
compatibility X X
b. Battery Development Tests
A quantity of battery cells will be purchased for cell
evaluation tests and acceptance tested in accordance with procedures
described in the cell specification. After acceptance testing, all
evaluation cells will be further assessed in the following manner:
a
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Mechanical Evaluation Tests
• Visual examination of workmanship
• Examination of supplier manufacturing and
test records
• Weight control
• Dimension control
• Seals and weld analysis (X-rays and structural)
Performance Evaluation Tests
• Conditioning requirement analysis
• Storage capability (charge-discharge condition)
• Calibration cycle (capacity comparisons)
• Overcharge equilibrium measurements
(pressure effect)
• Relationships of overcharge current, temperature,
and voltage limits.
• Internal impedance
• Short circuits and electrical leakage
• Thermal properties of cells will be measured
using calorimetry and efficiency-energy balance
for the determination of heat evolution during
the various stages of operation of the cells. Cell
heat capacity and thermal conductivity will be
measured as required.
• Characterization data will be taken to provide
inforrnatior_ for determining the parameters of
the charge control device. Existing TRW equip-
ment and techniques will be used in these
characterization tests.
• Control monitoring characteristics
Engineering model battery tests will be performed to insure
reliability of the mechanical, electrical, control, and thermal design
characteristics. Because normal anticipated variations in battery
temperatures have a marked effect upon requirements for charge
control operation, complete breadboard subsystem assemblies which
duplicate the thermal mission load characteristics will be required.
2O9
Battery failure modes will be programmed in tests to determine the
adverse effects upon system operation. The simulated failures
consist of conditions of cell short circuits, electrical leakage,
mechanical leakage, and battery regulator failures.
Mission profile life testing will be performed with a
simulated or production model of the charge control to provide con-
fidence in the life cycling capability of the system.
Tables 5-t6 and 5-17 outline the battery development test plan.
c. Power Control and Regulator Development Tests
Development testing (Table 5-18} will utilize one bread-
board model and one engineering model of the power control unit, shunt
elements assembly, and battery regulator unit. The breadboard model
differs from the engineering model (and subsequent flight configuration}
in that packaging, interconnections,and part reliability is not a con-
sideration of the layout of fabrication
The PCU breadboard consists of an interconnected set
of breadboard modules. Since wiring is well spread out, radiated
and conducted interference tests are not performed. No thermal
gradient problems are simulated and the dissipative parts have a
conservative heat sink. Each circuit breadboard module will be
functionally tested with simulated inputs and loads. These module
tests will be conducted over temperature extremes to establish
thermal margins.
The circuit module breadboards are then assembled into
a breadboard PCU which will be similarly tested, in conjunction with
the shunt elements, with simulated inputs and loads for an evaluation
of performance. The results of the breadboard PCU tests are then
compared with the test results at the module level to determine if
module interface problems exist.
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Battery regulator tests will be made to assess compatibility
of the array shunt regulator system with t_ regulation performance
of the battery boost regulator. On a unit basis, these tests will be
made using an array simulator, batteries, and active load simulators.
The design of the simulator must be compared with that of the array
performance and suchparam_ters as capacitance, frequency response,
as well as I-V characteristics.
Load simulators must duplicate such load parameters as
turn-on surge, load impedance, and induced current. System
stability tests will be performed utilizing circuitry which accurately
simulates the entire characteristic curve including dynamic character-
istics.
Comprehensive testing of the charge regulator will be made
during development of the battery cell, charge monitor testing, as
well as f_r subsequent verification of compatibility with the charge
control design. Development testing of the battery regulator unit
will proceed through the usual schedules of breadboard and eng-
ineering model prior to subsequent total system evaluation.
d. Power Conditioning Development Tests
The philosophy and scope of development testing for the
inverters will be similar to that described above for the power control
unit.
Special load simulator test equipment will be designed
and fabricated to simulate dynamic load characteristics and load
pulse conditions. The circuit design of this equipment will be the
basis for subsequent production testers. The test proposed for
inverters is outlined in Table 5-19.
4 7.4 Type Approval Tests
Type approval of the electric power subsystem will be on a
unit basis, subject to further subsystem assessment as part of the
spacecraft integration and spacecraft type approval testing. One
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test article of each equipment will be subjected to environmental
conditions applicable to the operational phases of storage, handling,
stanby, launch, deployment, and flight of electric power equipment.
The level of environment will be more severe than expected operational
conditions in order to provide greater assurance of detecting design
deficiencies. The test conditions are not intended to exceed design
margins or to excite unrealistic modes of failure: should this occur,
appropriate waivers will apply
Test articles will be identical to flight articles except for the
solar panels, which will be configured to simulate magnetic, thermal,
and dynamic characteristics by the partial use of dummy cells,
partial panels, and mockup of conductor paths
In general, before the environmental tests the unit will be
subjected to comprehensive functional tests under standard ambient
conditions and a record made of all data necessary to determine
compliance with the applicable equipment specification. These data
will provide the basis for checking satisfactory performance of the
equipment during or after environmental tests.
Degradation or change in performance of any assembly which
exceeds limits established by its specification and applicable test
procedure during any test period will be considered as a failure.
Testing will be discontinued until the malfunction (including design
defects) is corrected. If the corrective action consists of simple
repair, such as replacement with identical parts, only that test
procedure under which failure occurred will be repeated in its
entirety without equipment failure before proceeding to the next
test. If corrective action, such as redesign, is required, the test
procedure under which failure occurred will be repeated as well
as all other tests affected by the redesign.
An allowance for mechanical damage to solar cells will be
reflected i_ the solar array type test procedure. Such deviation will
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consist of allowable cell cover cracks per module and percent area
delamination, if analysis indicates that the array performance is
still within specification.
The type approval test sequence will be governed by the
following:
• Examination of product will be performed
prior to each functional testing.
• Functional tests will be performed prior to,
during (where appropriate), and following
environmental testing. The functional
testing to be performed prior to the next
environmental te st.
• Vibration and shock will precede thermal-
vacuum te sting.
• Magnetic properties determination will be
performed prior to and following vibration
te sting.
• Humidity tests will be conducted last.
• Other environmental testing may be performed
in any sequence.
Type approval test procedures will be prepared for each
individual unit, which specify in detail the operating and nonopera-
ring environments, simulation of environment, level of environment,
special test apparatus, test measurements and sequence of testing
and test procedures.
4. 8 Planet-Oriented Package Subsystem
4.8. i Summary
The planet-oriented package (POP) will provide the means of
precision pointing for science instruments re,.quiring articulation with
respect to the spacecraft while it_._._,_i_a Ma_,s orbit. The POP subsystem
consists of a payload structure mounted to the spacecraft by a double gim-
bal drive mechanization, the associated drive electronics, and the Mars
horizon scanner. The experiment interface design, interface specification
and design integration is discussed in Section V, paragraph 3.3 as a space-
c raft development consideration.
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The subsystem development consisting of analysis, testing, and
locumentation, is displayed in the development flow shown in Figure 5-Z7.
The development schedule for POP is shown in Figure 5-28 . The POP
subsystem development effort involves those tasks which treat the subsys-
tem in a manner to assure compatibility of individual units within the POP,
as well as the POP and the spacecraft. Subsystem development will be a
continuous function to establish design, specify, and test the POP for com-
patible interfaces with other spacecraft equipment. Analysis of the over-
all problem will be supported by breadboards and engineering models.
4.8.2 Analysis and Design
The analyses during the design phase will be as follows:
a. Preliminary De s..ign Analysis
The preliminary design analysis will determine the general
packaging arrangement and size of parts, materials, processes, and
other information which would permit the initiation of the design layout.
As a part of this analysis consideration will be given to the mechanical,
electrical, and thermal interfaces with the POP, and the dynamic and
static loads the POP will undergo. The type of drive motor, the gear
ratio of the drive mechanism, the gimbal rates, and travel will also be
studied; the POP mass properties will be calculated. Optical analysis for
the Mars horizon scanner will be performed to establish the optical radia-
tion levels which dictate the design requirements for the scanner.
A primary design objective for the POP and the body-mounted
experiment package design will be to provide flexibility to accommodate
a number of experiments and experiment changes both during development
and between launch opportunities. This is accommodated by standardized
mounting interfaces, and provision of extra electrical leads through the
gimbal drives, accomplished at only a slight weight penalty.
b. Stress Analysis
Stress analysis will be conducted to insure that the sizes,
weights, and materials provided in the initial design layout are optimized
to withstand dynamic and static loads for the design life of the POP.
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Figure 5-Z7. Planet-Oriented Package Subsystem Development Flow
c. Thermal Analysis
The thermal analysis will determine the thermal limitations of
the parts, materials, and processes and adjust the over-all design as
required to insure reliable performance within the thermal requirements
of the science payload. Duty cycles and the power dissipation of the drive
motors and science payload will be evaluated in terms of their thermal
effects.
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Based on these analyses, the design of the POP will be com-
pleted and preliminary manufacturing drawings prepared. Engineering
models will be fabricated from these drawings and a series of engineering
tests run on these models, including assessment of performance after
vibration, acceleration, impact shocks, and thermal vacuum soak. Any
necessary design changes will be incorporated into the design prior to
release of manufacturing drawings.
4. 8.3 Development Test
Early in Phase II, breadboards of the electronics will be constructed
and subjected to performance tests in order to develop the drive electronic
circuitry, and establish requirements on other spacecraft subsystems.
Development tests are conducted during Phase IB as the POP will not be
on the 1969 flight test, permitting adequate development time for the i97i
mission.
Engineering tests planned for Phase II include vibration, accelera-
tion, shock, thermal vacuum, and humidity, on the following unit models:
• Horizon scanner
• Gimbal drive and structure
• Electronics and cabling
These engineering models will also be integrated for POP subsystem
testing. A second POP engineering model will be fabricated, tested, and
........ _ to_h_ _p_cecraft engineering model for spacecraft electricalQeAJ. v _ ± _ ........
compatibility tests.
Two prototype models will evolve from the engineering model tests.
One will be used for proof test, and the second model delivered to JPL
for type approval testing.
The Mars horizon scanner will be subcontracted after complete
requirements are established. Requests for proposals, vendor surveys,
and release of the horizon scanner subcontract will be completed within
9 months after Phase IB go-ahead. Early procurement of the scanner will
permit complete reliability testing to be accomplished in support of the
1971 mission.
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4.9 Electrical Distribution Subsystem
4.9. 1 Summary
The electrical distribution subsystem consists of electrical
interconnecting cabling, junction boxes, test and umbilical connectors,
power switching, and ordnance initiation circuitry. The development
of this hardware is discussed in this section and is shown in Figure 5-Z9.
The spacecraft design integration tasks are discussed under
spacecraft development, subsection 3. I. Figures 5-30 and 5-31 show
the 1969 and 1971 development schedules, respectively, covering both
Phase IB and II development of the electrical distribution subsystem.
No major problems are anticipated in the design of the electrical
distribution hardware. Design and development of the cabling and junc-
tion boxes wilIproceed according to techniques which have been proven
on current programs. Circuit design and development is necessary in
the area of power switching without utilizing electromechanical relays
and the capacitor discharge initiation of pyrotechnic devices. However,
it is anticipated that these circuits will use available components and
will involve no new problems.
4.9. Z Analysis and Design
Analyses necessary for the design of the electrical distribution
hardware consist of the extraction of systems design requirements and
the analysis of methods of implementing these requirements. The
major inputs criteria are general packaging, electromagnetic interfer-
ence control, magnetic field control, and systems test points require-
ments including the resulting electrical operational support equipment
hardline inte rface s.
Having established the requirements, the subsequent analyses
will produce design guides for the cable and junction box designers.
These guides will define the types of wiring to be used, where twisting
and shielding will be used, criteria for the selection of wire sizes, a
plan for grounding, bonding, and shielding, and guides for the allowable
signal circuits which can be grouped together in a cable bundle.
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Figure 5-29. Design and Development Flow Electrical
Distribution Subsystem
A detailed --_'--_ _f _11 electrical interface characteristics will
be made to optimize the electrical interconnections. Participation in
all electrical subsystems design reviews will be maintained to further
this effort.
In conjunction with structures, packaging, thermal, and other
design personnel, the detailed cable routing and panel interfaces will
be defined and maintained using a spacecraft configuration model as a
design tool.
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4.9.3 Test Program
a. Development Testin_
A minimum amount of development testing is required for
this subsystem. The circuit designs for the power switching circuitry
and the ordnance initiation circuitry will require some breadboard and
engineering model environmental testing. The remainder of the hard-
ware has a considerable systems level and flight test history and, in
addition, its configuration is such that meaningful tests of the hardware
are minimal.
b. Proof Testin_
It is anticipated that cabling and junction boxes which do not
contain active circuitry will not require a complete subsystem proof
test program. It is considered that proof test level vibration and thermal-
vacuum testing should prove adequate to qualify junction boxes containing
only passive circuits and components. A meaningful vibration and ther-
mal-vacuum test of interconnect cabling can be made only on a space-
craft model because the mechanical characteristics are determined by
the spacecraft installation.
Where junction boxes contain active circuitry a full qualifica-
tion test sequence will be conducted on flight configuration samples.
c. Test Procedures
Formal test procedures will be generated for each item of
separable hardware in its configuration prior to spacecraft installation.
This will include each of the interconnect cables and each of the junction
boxes. Fabrication test procedures and qualification and acceptance
test procedures, containing specific test requirements for the individual
item of hardware will define and document the tests including fabrication
testing through spacecraft installation.
4.9.4 1969 Flight Test Spacecraft
Unlike the majority of the spacecraft electrical subsystems, the
1969 electrical distribution subsystem will differ considerably in form
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and function from the 1971 Voyager spacecraft. Although the functional
requirements upon the subsystem are the same as those for 1971, the
detailed configuration is entirely dependent upon the exact equipment
complement, the structural and configuration layout, and the interfaces
with the defined science experiments and the launch vehicle.
The majority of the analyses to be conducted for the 1971 Voyager
will be applicable to the 1969 flight test spacecraft, but the detailed
interconnecting cabling and junction box configurations will be tailored
to the specific requirements of the 1969 mission.
The same design tools will be utilized, the spacecraft configura-
tion mockup used for cable routing purposes and for layout of the space-
craft black box assemblies. The same electromagnetic compatibility
criteria and controi methods should apply.
The design layout and interconnect cabling will proceed essentially
in parallel with interface definitions and final configuration required
earlier for the 1969 mission than for the 197I mission.
The same criteria for testing will apply for the 1969 assemblies
as for the 197I assemblies. The junction boxes containing passive
circuitry wiI1 be exposed to qualification levels of vibration and thermal-
vacuum testing; those containing active circuitry wilI receive a full
qualification test explosure sequence. Interconnect cabling will receive
only insulation resistance and continuity testing prior to spacecraft
installation.
5. MANUFACTURING AND MATERIAL ACQUISITION
This section provides a brief description of the manufacturing and
material acquisition tasks pertinent to the Voyager project. The de-
tailed plans will be submitted in response to the Phase IB request for
proposal.
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5. 1 Manufacturing
The manufacturing tasks for the Voyager project include design
liaison, identification of the equipment and quantities to be delivered,
detailed manufacturing planning and scheduling, design and fabrication
of production tooling and test equipment, fabrication, and flight approval
testing.
A preliminary equipment list has been prepared (given in Appen-
dix E) and the schedule requirements to fabricate the equipment to meet
the delivery dates have been analyzed and defined. Schedules for the
manufacturing activities at TRW, RCA, and Douglas are presented in
Figure 5-32 and 5-33. The preliminary plans for fabrication and assem-
bly of the structural, thermal, and propellant feed assemblies for the
1969 and 1971 spacecraft are sketched in Figures 5-34 and 5-35, re-
spectively.
As items are fabricated for the Voyager spacecraft they will
undergo flight approval tests, as diagrammed in Figure 5-36.
5.2 Material Acquisition
The tasks associated with the procurement of long lead time, high
reliability electrical parts and certain other specific equipment (e. g.,
gyro reference assemblies, three speedtape recorders) require that a
definitive material acquisition plan be formulated early during Phase
IB. These tasks are briefly outlined in PERT format in Figure 5-37,
with typical setback times shown. Typical procurement time for parts
requiring a full qualification program is shown as approximately 49
weeks; for parts requiring parameter drift screening, 42 weeks; and
for subcontracted items, 56 weeks. A detailed material acquisition
plan will be prepared in response to the Phase IB request for proposal.
Key milestones required for the updating and implementation of this
plan are shown in the Phase IB schedule in Section II
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6. SPACECRAFT ASSEMBLY, CHECKOUT, TEST, LAUNCH
AND MISSION SUPPORT OPERATIONS
6. i Introduction
This suction discusses the assembly and checkout, test, launch,
and mission support operations for the various spacecraft models associ-
ated with the 1969 test flight and the 1971 mission. The 1971 spacecraft
models include:
• Spacecraft Engineering Model (S/C EM)
• Spacecraft Propulsion and Stabilization and Control Model
• Proof Test Model (PTM)
• Life Test Model (LTM)
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Simulator s
First Flight Spacecraft (FS-I)
Second Flight Spacecraft (FS-2)
Third Flight Spacecraft (FS-3)
The presentation first discusses the engineering tasks required to plan
the operations, identifies the elements of planning and control to support
the operation, and finally presents a narrative description of the assembly,
checkout, test, launch, and mission support operations. The description
is pra_ided in the form of operations flow charts and text, with a more
detailed step-by-step description supplementing the text in the form of
tabular descriptions keyed to the flow charts by operation numbers. The
detailed tabular descriptions are given in Appendix A along with a dupli-
cate copy of the operations flow charts.
Since the assembly, checkout, test, launch, and mission support
operations for the 1969 test flight are essentially identical to those for
the 1971 mission spacecraft, they are not repeated here. However, flow
charts and tables describing these operations as pertinent to the 1969
spacecraft are also included in Appendix A. The spacecraft planned
for the 1969 test flight are as follows:
• Spacecraft Engineering Model (S/C EM)
• Spacecraft Propu]sion and Stabilization and Control
• Proof Test Model (PTM) (also used for the life tests)
• Simulator s
• First Flight Spacecraft (FS-I)
• Second Flight Spacecraft (FS-2)
The launch operation plan for the 1969 test flight will parallel that
of the 1971 mission in that although only two flight spacecraft are pro-
grammed for launch, the 1969 spacecraft engineering model will act as
the third spacecraft for rotating spares.
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6. 2. 3 Data Management
The large amount of spacecraft performance data generated in the
course of assembly and test operations requires the formation of an en-
gineering group to control and identify the data. The spacecraft test data
will be identified, time tagged, reduced (as required), quick-look data
issued for analysis, and final data packages prepared. This group will
also operate and maintain the data centers.
6. 2. 4 Operations Planning and Control
A test operations planning and control group will be established as
the focal point of all scheduling_ p!anning, controls, and records. The
scheduling effort will include the over-all spacecraft operations schedules,
the required delivery dates for subsystem equipment for assembly into the
spacecraft, and test facilities schedules. The controls effort includes the
storage and m_iiltenanc_ of configuration status of all spacecraft hard-
ware in accordance with the latest configurations. This group also pro-
vides support in expediting the delivery of equipment for use in space-
craft operations.
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Figure 5-38 presents a top assembly, checkout, and test flow dia-
gram which identifies the arrangement and sequence among the various
spacecraft models. Figure 5-39 shows a brief pictorial flow of the major
elements of the assembly and test flow.
6. 2 Operations Engineering
6. 2. i Design Integration
A major engineering task associated with spacecraft assembly and
test is that of active interaction with the spacecraft design and development.
To this end assembly and test engineers are assigned the task of maintain-
ing current knowledge of the design details of both airborne and operational
support equipment, and analyzing this data in terms of ease of assembly
and test. The results of these studies are used to feed back information
to the design areas (in the event of operational problems) and as the basis
for detailed design of the assembly and test operations procedures, facili-
ties, test equipment, and computer programs.
6. Z. 2 Operations Design
The operations design task includes the detailed analysis of the assem-
bly, checkout, and test requirements as determined by the spacecraft sys-
tem design. The engineering personnel who participated in the initial design
effort form the nucleus of this group, and the group is augmented by other
specialists from the spacecraft assembly and test laboratory. The analy-
ses of the assembly, checkout, and test requirements are used to design
a detailed plan covering the identification and preparation of operating pro-
cedures, the detailed sequence of operations, the design of the test setup
and special test facilities, the design and implementation of computer
programs, and the assembly, checkout, and test schedules. Continuous
updating and redesign of these elements is performed during the assembly
and test phase.
Personnel of this group then form the nucleus of the assembly and
test crews, under the direction of the spacecraft test manager.
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and Checkout Operations
6.3 1971 Spacecraft Engineering Model Assembly, Checkout, and Test
6. 3. i Introduction
This section provides a description of the assembly and test opera-
tions planned for the engineering model spacecraft. The configuration of
the engineering model is described and the interface testing tasks are
identified. Finally, a more detailed description of the assembly and test
operation is presented. Figure 5-40 shows a flow diagram which identifies
the sequence of tasks.
a. C onfi_uration
The subsystem configuration of the engineering model spacecraft
is as follows:
a) Power, less solar arrays
b) Communications and data handling
c) Stabilization and control
d) Central sequencer and command
e) Pyrotechnics
f) Midcour se engine
g) Inert solid motor, including an operational thrust
vector control system
_j Plai_et-oriented package, less experiments
i) Experiments (it is not planned to install experi-
ments in the engineering model permanently, but
some experiments will be installed for the pur-
pose of an early compatibility test)
j) The capsule subsystem will not be installed: a
dummy capsule will be installed for match mate
and nose fairing clearance checks
k) The thermal control subsystem will not be installed
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b. Spacecraft EM Tasks
The primary functions of the spacecraft engineering model (Fig-
ure 5-41) are to establish system and subsystem compatibilities, verify
and validate OSE compatibilities with the spacecraft, to provide the PTM
and flight spacecrafts with trained personnel, and to provide operational
i
spacecraft procedures and computer programs for in-house testing,
launch operations, and DSIF and SFOF operations.
The tasks planned for the spacecraft engineering model are as
follow s :
• Establishing system and subsystem compatibilities
• Early checkout of the spacecraft electrical and
mechanical OSE
• Personnel familiarization and training
• Debugging and bench checkout of all computer
programs
• Debugging and checkout of all specialized OSE and
cabling such as: thermal vacuum (space simulation),
vibration, acceleration, acoustical, magnetic pro-
perties, launch site (primarily with PTM)
• Debugging and checkout of TRW-supplied DSN and
Dis sion dependent equipment
• Match mate with Centaur stage and nose fairing
• Nose fairing 1RF coupler loss determination
6. 3.2 Spacecraft Engineering Model Assembly and Checkout Procedure
a. General
One basic policy adopted during spacecraft assembly and check-
out operations is that the subsystem assembly and checkout operations are
conducted off the spacecraft assembly line on their respective equipment
mounting panels. The advantage of this approach is that of conserving
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249
craft load demand
verifying that the
as the spacecraft
power subsystem
at each individual
effectively monitored.
schedule time with the subsystem assembly and checkout operations con-
ducted in parallel with spacecraft operations. The other basic policy re-
quires that the assembly and test sequence be logically ordered so as to
minimize the need for repeating portions of tests previously completed
or for breaking an already validated connector. This results in a sequence
which begins with the installation of the spacecraft harness for accessi-
bility reasons, the next addition being the power subsystem to provide the
proper power for subsequent subsystems, etc. The sequence chosen
based on this logic is shown in Figure 5-40.
The spacecraft equipment compartment structure, after having
been received from Douglas, will be inspected for damage from shipping
and handling operations. The equipment compartment structure will be
mechanically mated to the handling fixture.
b. Power Subsystem
The first subsystem to be installed and electrically integrated
will be the power subsystem for the reasons stated above. The electrical
checkout will be split into two parts: the primary and the secondary
power subsystem. After the EOSE electrical interfaces with the space-
craft have been checked, the primary power subsystem checkout will be
initiated. Basically, the primary power subsystem tests consist of veri-
fying that the solar array power can be controlled such that it can supply
the proper charge to the battery and at the same time sustain the space-
s. The secondary power subsystem tests consist of
secondary power supply outputs are within specification
primary power bus is varied within specifications. The
will have incorporated a sufficient number of test points
black box such that system noise and transients can be
c. Central Sequencer and Control
After the power subsystem has been tested, the central se-
quencer and control subsystem will be installed in order to provide for
power switching and subsequent signal switching. Thus this provides a
means for end-to-end checking as the spacecraft assembly progresses,
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in contrast to intermediate checking between subsystems. The CS&C
testing consists of ascertaining that commands can be properly received
from the command detector and acted upon and verifying that the intern-
ally timed commands are sent and acted upon properly. The CS&C power
input lines and appropriate signal lines will be made available via test
points on the individual black boxes so that system noise and transients
may be effectively monitored.
d. Signal Conditioner
The signal conditioner is installed next to accommodate the
processing of telemetry analog data.
e. Digital Telemetry Unit
The digital telemetry unit is installed next. The testing phil-
osophy utilized for the remainder of the spacecraft assembly and test
phase is that as each black box in integrated into the spacecraft, its
telemetry calibration will be accomplished concurrently.
The Digital Telemetry Unit Electrical tests consist of ascer-
taining that the input data to the DTU is proper and that the output data
is in the proper format for all DTU modes and bit rates with the correct
word value. All DTUtiming signals will be checked for the correct ampli-
tude, rise and fall time, frequency, and pulse width.
f. Digital Storage Unit
The digital storage unit is installed and tested to ascertain that
telemetry data words can be properly stored and read out for all DTU for-
mats, modes, and bit rates. At this point it is possible for data to be
transmitted or stored via hardline for any DTU format, mode, or bit rate
and the bench check of all computer programs can commence. The com-
puter program bench checks are to be done in parallel with the normal
spacecraft assembly and test operations. Computer programs will be
made identical, whenever possible, to those required for the DSIF and
SFOF operations to simplify the writing of computer programs used dur-
ing mission operations.
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A sufficient number of DTU and DSU test points will be made
available on the individual black boxes such that all telemetered parame-
ters can be properly calibrated and system noise and transients can be
monitored. There will be a sufficient number of telemetry transducers
in each black box so that the operational status of each subsystem can be
monitored with a minimum of hardlines. Historically, there is never a
sufficient number of spacecraft transducers. The advantage to having
sufficient test points and telemetry transducers is that it is not necessary
to disconnect spacecraft cables for telemetry calibrations and noise and
transient investigations, thus preserving configuration validation (and
also saving wear on connectors).
g. Command Detectors
The command detectors are installed to establish an operational
RF up-link system. The command detectors will be checked to ascertain
that the detectors, after receiving ground commands, can properly act
upon and execute them. While each ground command is being acted upon
by the command detectors, the CS&C interface will be monitored noting
that the CS&C reacts properly to each ground command.
h. Communication Ecluipment
All spacecraft antennas and cables will be installed at this time
so that end-to-end RF VSWR and insertion loss tests can be performed.
After the VSWR and insertion loss tests have been completed, the
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receivers wz-. be --.4-_11_A_,.__a..,... a ,_A.._,_1_Ph-_11y_........... integrated. Each command
will be transmitted from the ground transmitter via the RF link, noting
proper reaction of the CS&C. Commands will also be transmitted through
each antenna as part of the receiver electrical tests. Once it has been
ascertained that commands can be transmitted to, and properly received
by the spacecraft, the receiver threshold sensitivity will be determined.
A sufficient number of test points will be made available so all
telemetered parameters can be properly calibrated and system noise and
transients can be properly monitored.
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At this point in the spacecraft testing, the RF up-link has been
completely electrically checked and calibrated and' all commands will be
sent via RF link from the ground transmitter to the airborne receivers.
Command hardlines will be used only for trouble shooting. Proper space-
craft reception of commands will be verified by monitoring the spacecraft
reaction to each command and the command blip strip via telemetry.
With the spacecraft RF up-link established, transmitter selec-
tor, exciters, low power transmitter, and the power amplifiers will be
installed and electriqally integrated. The capability of the transmitter
to, select each power amplifier and the low gain transmitter will be checked
by monitoring each CS&C output to the transmitter selector noting that
the selector output is proper for each command. Each transmitter will
be selected and the RF power output and frequency monitored. In addition,
each transmitter RF output will be monitored for spurious harmonics.
The transmitter will be modulated at each bit rate by the DTU output.
While each transmitter is being modulated, the modulation index will be
checked at each bit rate. The transmitters will then be connected to the
spacecraft antenna system. The RF down-link having been completely
integrated, the RF signal will be demodulated at the telemetry EOSE and
processed. Henceforth, all telemetry will be processed via air link from
the spacecraft transmitters to the ground receiver. Telemetry hardlines
will only be used for trouble shooting or when the ground receiver is being
interfered with. Hardline data will always be recorded during spacecraft
tests.
A sufficient number of test points will be made available such
that all telemetered parameters can be calibrated and so that system
noise and transients can be properly monitored.
i. Pneumatic s
The midcourse propulsion and stabilization and control pneu-
matics module will then be attached to the equipment compartment struc-
ture and the pressure transducers calibrated via telemetry.
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j. Stabilization and Control
The stabilization and control subsystem is now in a position to
be completely installed and electrically integrated. After all of the SCS
electronic boxes and sensors have been installed, the sun acquisition por-
tion of the stabilization and control subsystem will be electrically inte-
grated. This portion of the SCS subsystem is divided into three basic
parts:
• Gyro electrical integration
• Fine and coarse sun sensor integration
• Telemetry calibrations
The gyro package and SCS electronics after being electrically
integrated will be mechanically torqued using the spacecraft tilt fixture.
While the gyro package is being torqued, the gas jet actuations will be
monitored for proper polarity, and the gyro rate at which the gas ceases
to actuate will be determined.
After each sun sensor has been electrically integrated, it will
be illuminated using the sun sensor EOSE, and the gas jet actuation will
be monitored for proper polarity.
The calibration of the sun acquisition mode requires calibra-
tions of the following parameters: gyro on-off signal, gyro generator out-
puts, valve actuations, sun sensor intensity, and all SCS electronics pack-
age temperatures. Each package used for sun acquisition testing and
calibrations will have sufficient test points so that calibrations can be
performed and noise and transient measurements properly made.
After the earth sensor and its electronics have been electrically
integrated, the earth sensor will be illuminated using the earth sensor
EOSE. While the earth sensor is being illuminated, its signal amplitude
will be monitored as a go-no-go function. The earth sensor calibrations
will be accomplished primarily by signal injection.
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The third portion of the SCS integration and test is Canopus
acquisition. After the Canopus sensor and electronics have been electri-
cally integrated, the sensors will be illuminated using the Canopus sen-
sor EOSE. The resulting gas jet actuations will be monitored for proper
polarity. The Canopus sensor calibrations will be accomplished by signal
injection. Sufficient test points will be provided to allow for Canopus
acquisition calibrations and transient and noise monitoring.
The present policy for calibrating the stabilization and control
sensors such as gyros, sun sensors, earth sensors, and Canopus sensors
is as follows. Each sensor will be supplied to the assembly and test facili-
ty with a set of laboratory bench calibration curves. As previously men-
tioned, the calibration of these sensors is accomplished by signal injec-
tion, i.e., the sensor will be replaced by a suitable signal generator. The
signal generator voltage amplitude will be varied and the corresponding
telemetry word monitored. The telemetry word values and the generator
voltage along with the laboratory bench calibrations will be inserted into
the computer programs. The disadvantage to this approach is that the
sensors have to be removed from the spacecraft for calibration checks;
the advantage is that large quantities of complicated EOSE are not neces-
sary as part of the systems test set EOSE since the final calibrations
are done in the laboratory. Furthermore, the necessary spacecraft
system test EOSE simulation for each sensor simply becomes an on-off
stimulus whose amplitude or intensity does not become important. How-
ever, an investigation will be undertaken during Phase IB to ascertain
whether the SCS sensors can be adequately stimulated while mechanically
mated to the spacecraft.
The spacecraft midcourse maneuver equipment is the next por-
tion of the stabilization and control subsystem to be electrically integrated
into the spacecraft. The midcourse maneuver testing is in three parts:
spacecraft orientation changes, jet vane orientation, and midcourse
motor burn duration. The roll and pitch turn magnitude and polarity will
be transmitted to the spacecraft via RF link. After the turn commands
have been transmitted, the gyro torquing current amplitude and time dura-
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tion will be monitored for each polarity. While the gyros are being torqued,
the gas jet actuations will be monitored for proper polarity; this informa-
tion will be transmitted to the spacecraft and the resulting jet vane angle
monitored. The midcourse motor burn duration information will be trans-
mitted to the spacecraft and the midcourse motor stop and start signals
time interval monitored. Sufficient test points will be made available so
that all midcourse maneuver calibrations can be properly accomplished
and noise and transients successfully monitored.
k. POP
At this stage of the SCS testing, the planet-oriented package will be
attached to the spacecraft and electrically integrated. The POP package
consists of the following units: planet-oriented package boom, planet-
oriented package gimbal actuators, and the Mars horizon scanners. The
POP experiments will not be installed in the engineering model spacecraft.
After the planet,oriented package subsystem has been installed
and electrically integrated, the Mars horizon scanners will be stimulated
using the horizon scanner EOSE and the reaction of the gimbal actuator
measured. The horizon scanner is stimulated again so that the gimbal
actuators slew in the opposite direction. This is repeated for the remain-
ing gimbal actuator.
1. Antenna Gimballin$
The high-gain and medium-gain antenna articulation tests are
performed after the POP package articulation test. After the high- and
medium-gain antennas have been electrically integrated, each gimbal
actuator will be commanded to slew; the direction and slewing rate will
be checked for each actuator. Each gimbal actuator will be commanded
to slew in the opposite direction and the slew rate checked.
A sufficient number of test points will exist such that the POP
package, high-gain and medium-gain antenna gimbal actuators can be
properly calibrated and the noise and transients properly monitored.
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m. Solid Ensine
An inert solid motor is installed at this time since the thrust
vector control must be made available to support the terminal maneuver
portion of the SCS testing phase. The terminal maneuver portion of the
SCS testing phase will be accomplished as follows. After the thrust vec-
tor control portion of the solid retropropulsion subsystem has been elec-
trically integrated, the spacecraft will be rotated about the pitch axis by
means of the tilt fixture. While the spacecraft is being rotated, the thrust
vector control gas injectors will be monitored to ascertain that gas is
flowing out of the proper injector. The spacecraft will be rotated in the
opposite direction and the injectors monitored. The above will be repeat-
ed for spacecraft rotation about the yaw axis.
n. d,q vox
The data automation and bulk storage subsystems will then be
installed and electrically integrated; the rise and fall time, pulse width and
pulse amplitude will be measured, using black box test points, and all
timing signals, shift signals, sync signals and inhibit signals will be
monitored. Once it has been ascertained that the data automation signals
are within specification for all bit rates and modes, the capsule and ex-
periment simulator will be connected to the spacecraft. The capsule and
experiment simulator insures that both the data automation system and
the computer programs are functioning properly.
After the data automation system testing has been completed, next
the bulk storage units will be installed and electrically integrated; then
the rise and fall time, pulsewidth and amplitude of the bulk storage input
and output data signals will be monitored for all bit rates and modes.
When it has been ascertained that the signals are within specification data
from the capsule and experiment simulator will be read into the bulk stor-
age unit. The capability to read data into the ground computer simultane-
ously while data is being read into the bulk storage unit will exist within
the spacecraft for all modes and formats. The reason for this is that the
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data stored in the ground computer can then be compared bit by bit by a
special computer subroutine with the data stored in the bulk storage unit.
A sufficient number of test points will exist such that the data
automation and bulk storage subsystems can be adequately calibrated, and
the noise and transients properly monitored.
o. VHF Communications
The capsule VHF receiver and detector will be installed and
electrically integrated, after which the receiver sensitivity will be deter-
mined using the capsule simulator. The receiver signal will be modulated
by the capsule simulator and the telemetered data fed into the ground
computer via the S-band link. Concurrently, the computer data will be
monitored for proper format and word values.
p. Pyrotechnic s
The pyrotechnic subsystem testing will be accomplished as fol-
lows. It will be ascertained that the spacecraft is in the "safe" condition.
Then each squib connector pin will be monitored for continuity to frame
ground. Next, each squib will be commanded to the "fire" condition, and
the firing voltage monitored. The pyrotechnic EOSE will be connected to
each squib bridge wire interface. Each squib will again be commanded to
the fire condition noting that the EOSE indicates an "all-fire" condition.
This will be done when the battery is at its lower voltage limit. A suffici-
ent number of test connectors will exist so that ordnance calibrations can
be properly conducted, test points will exist so the "safe" or "armed"
condition of each pyrotechnic device can be determined.
q. Integrated System Test
The last task to be performed as part of the engineering model
assembly and test is the integrated system test. This task is designed to
test the spacecraft to the fullest extent possible without breaking any space-
craft or EOSE connectors. The mission sequence of events will be closely
followed and the spacecraft configuration will match the flight configurations.
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The solar array simulated power will be varied to match the sun in-
tensity levels that will be encountered during the various phases of the mis-
sion profile. The up and down link RF power levels will be varied to match
the levels that would exist due to stabilization and control maneuvers and
changes in distance between the spacecraft and the earth. Parameters
such as Canopus sensor cone angles, midcourse and terminal maneuver
turn angles, midcourse correction jet vane angles, and midcourse correc-
tion engine burn time will be varied during certain portions of the integrated
system test to detect failures that might remain undetected if the same
quantitive values for the above parameters were used for each phase of the
integrated system test.
As a part of the integrated system test a practice countdown will be
performed, including a free mode test. When the practice countdown pro-
gresses to the point of liftoff, the umbilical cable and all other test cables
will be disconnected except the solar array simulated power connector.
The spacecraft will be exercised in this manner up to and through the mid-
course maneuver portion of the mission profile, using battery and solar
array simulated power. This constitutes the free mode test and is used
to verify proper spacecraft operations in the absence of OSE and umbilical
cables.
During all integrated system tests telemetered data will be re-
corded on magnetic tape. All spacecraft data will be monitored and
checked for proper values by a data team comprised of a subsystem re-
presentative from all subsystem areas, with JPL invited to participate.
TRW proposes a combination of RF and wire telemetry links
between TRW and the SFOF operations in Pasadena and quick-look SFOF
operation at the Goldstone DSIF. The participation of JPL personnel dur-
ing integrated systems test and the data evaluation will provide training
for later mission operations.
During the integrated system test a minimum of test cables and
EOSE will be utilized since EOSE cables constitute a nonflight spacecraft
configuration; this requires a sufficient amount of telemetry transducers
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so that the spacecraft subsystem can be adequately monitored without
EOSE.
6.4 Engineering Model Operations
The spacecraft engineering model having completed assembly
and checkout, will enter into the spacecraft engineering model operations
phase (Figure 5-41), starting with failure mode testing. The
failure mode test will investigate effects of selected failure modes and
redundant circuit failures. When necessary, the engineering model black
boxes will be opened and modified to effect the failures.
Next, a preliminary electromagnetic compatibility test will as-
certain that there are no radiated or induced interfering signals with ex-
periments, spacecraft subsystems, and launch vehicle. The spacecraft
will be irradiated with the calculated design levels of RF signals.
The spacecraft engineering model will be shipped to the Gold-
stone DSIF facility to verify that the DSIF Goldstone and SFOF Pasadena
software is compatible with spacecraft operations and that the spacecraft
can be commanded from the DSIF Goldstone station.
The spacecraft engineering model will be transported to the
Sycamore Canyon facility for launch vehicle electrical tests to test the
mechanical interfaces between the Centaur and the spacecraft, including
a nose fairing clearance test. All spacecraft umbilical functions will be
checked using the launch pad EOSE; the RF nose fairing antenna coup-
ling will be determined.
The next task is to use the EM to validate the magnetic prop-
erties test site. The validation would include specialized EOSE and MOSE
and system test set, and specialized cabling. The vibration, space simu-
lation, shock acoustical, and acceleration test facility complexes will also
be validated using the engineering model spacecraft. As a final task the
spacecraft engineering model will be shipped to the AFETR to support
the launch facilit_ area checkout as required.
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TRW is investigating the desirability of transporting the space-
craft engineering model to a solar array testing facility, such as Table
Mountain, to perform solar array spacecraft compatibility tests. The
tests would involve powering the spacecraft from prototype arrays and
monitoring battery charge control for various spacecraft load conditions.
Another test being investigated is the use of the spacecraft
engineering model as a propulsion test vehicle to check stabilization and
control subsystem performance during engine firing. The test requires
altitude simulation to obtain meaningful data. A detailed study will be
made during Phase IB to investigate techniques and facilities capable of
supporting the test.
6.5 Deep Space Network Model Testing
The Deep Space Network model is a group of specialized test equip-
rnent consisting of the following items:
• Test transponder package
• Magnetic tapes
• Capsule telemetry simulator
• Capsule VHF transmitter
The test transponder simulates the spacecraft RF subsystem. The
norn_al input and output IRF connections to the DSIF station are made via
the station test diplexer. The test transponder will be capable of being
modulated by the magnetic tape recordings of biphase-modulated teleme-
try data and the capsule telemetry simulator. The capsule VHF trans-
mitter will also be modulated by the capsule telemetry simulator.
The DSN model is a secondary means of testing the DSIF spacecraft
interfaces, the primary method being the tests with the spacecraft engineer-
ing model at the Goldstone DSIF facility.
The mission dependent test equipment consists of the following items:
• PN generators
• Command encoders
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• Test equipment, including an oscilloscope, fre-
quency counter, RF power meter, RF signal
generator, power supplies, spectrum analyzer,
digital voltmeter, and vacuum tube voltmeter
• Spacecraft status displays
• RF patch panel .
• Bit error rate checker
• Computer buffer
All of this equipment will be tested with the spacecraft engineering model
at TIRW and again when the spacecraft engineering model is delivered to
the Goldstone DSIF station.
6.6 Proof Test Model
The proof test model spacecraft is a complete spacecraft whose vari-
ous subsystems have been subjected to flight acceptance testing. Each sub-
system will be identical to those of the three flight spacecraft and the life
test model. The mechanical and electrical OSE will be identical to that of
the three flight units and the life test model; the OSE will have been vali-
dated using the spacecraft engineering model. The computer programs
used with the proof test model will be identical to those of the flight type
spacecrafts and will be validated using the spacecraft engineering model.
The major differences between the proof test model (PTM) and the
engineering model are that the science and test capsule PTM subsystems
will be installed and electrically tested as part of the PTM assembly inte-
grated into the proof test model spacecraft. Figure 5-42 is a flow diagram
of the assembly and checkout sequence for the PTM. Further detail is
given in Appendix A.
Each subsystem will be assembled and checked out as an off-line
function, i.e., the respective equipment panel or panels will be removed
from the spacecraft structure and delivered to the subsystem assembly
area. Here the various elements of the subsystem will be mechanically
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Figure 5-42. 1971- Proof Test Model Spacecraft
Assembly and Checkout
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Q installed. At this point, the various break-in and fuse boxes will be in-
stalled and the subsystem OSE and antenna interface equipment connected.
When the subsystem testing is completed, it will be installed in the space-
craft in the same sequence as for the engineering model and further checks
made.
The next step (beyond that for the EM) in the PTM sequence is the
installation of each planet-oriented experiment sensor. The following is a
list of POP component systems that will be installed off-line:
• Planet-oriented package boom
• Planet-oriented package gimbal actuators
• Mars horizon scanners
• Television experiment sensors
• Ultraviolet spectrometer sensors
• Scan radiometer experiment
• Meteoroid flash experiment sensors
• Infrared spectrometer sensors
• POP intercabling
• POP thermal insulation
The gimbal actuators, cabling, experiments, and sensors will be
electrically tested off-line using the experiment equipment compartment
and associated EOSE. The POP experiment off-line testing will use the
experiment panel EOSE and the experiment spacecraft simulators.
The experiment subsystem panel will then be mechanically installed
and medium-gain antenna articulation will be tested in the same manner
as with the engineering model. The PTM terminal maneuver testing and
calibration will also be done in the same manner as with the engineering
model.
The bulk storage and data automation electrical testing and calibra-
tion will be performed in the same manner as the spacecraft engineering
model electrical checkout.
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Each experiment package and sensor will be integrated into the space-
craft and the turn-on transient of each experiment measured. The experi-
ment interface with the spacecraft data automation system will be tested by
monitoring the rise time, fall time, pulsewidth and pulse amplitude of all
data and timing signals under specified operating conditions. Each POP
experiment will be stimulated using the experiment EOSE and the EOSE
and telemetry response checked. The main body experiments, including
magnetometer checkout, is to be performed as follows: each experiment
electronics package and sensor will be electrically integrated into the
spacecraft. As a part of the experiment integration, noise, and transient
conditions will be monitored on the secondary power and signal line for
each experiment. Each experiment will be stimulated using the experi-
ment EOSE to test that each experiment is operating properly.
A major testing portion of the science subsystem tests is the experi-
ment compatibility testing. The purpose of the experiment compatibility
Uncover any interference between experiments
Demonstrate that each subsystem does not inter-
fere with any experiment data
c) Demonstrate that each experiment does not degrade
the spacecraft operation, in particular that the radio
propagation experiments do not degrade the RF
subsystem.
Finally, each experiment will be calibrated using both external and
built-in radioactive sources. Wherever possible built-in radioactive
sources or voltages will be used for experiment calibration. The magne-
tometer calibration will take place at the magnetic properties facility.
The capsule receiver and demodulator electrical tests and calibra-
tions will be performed in the same manner as the spacecraft engineering
model tests. The separated capsule tests are primarily 1RF tests and to
ascertain that the capsule RF subsystem and the spacecraft and experi-
ment subsystems do not cause interference.
tests is to:
a}
b}
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The thermal louvers and the solar array panels are installed before
the weight determination test. The spacecraft will be weighed at three
different points on the spacecraft structure, the total of the three weights
determining the spacecraft weight. The three weights will also permit
calculating the spacecraft center of gravity in two axes. The c.g. of the
third spacecraft axis is determined by tilting the spacecraft to an accur-
ately known vertical angle, and the weighing repeated.
The moment of inertia test s are performed on the proof test model
spacecraft only. They are performed by swinging the spacecraft as a
pendulum in an appropriate fixture. The moment of inertia about each
spacecraft axes will be determined.
Next, the PTM capsule subsystem will be installed in the spacecraft.
As soon as the capsule has been electrically integrated the capsule RF
subsystem will be tested. The capsule RF tests, like the separated cap-
sule test, determines that the capsule subsystem does not interfere with
the spacecraft or experiment subsystem operations and that, in turn, the
spacecraft or experiment subsystem does not interfere with normal cap-
sule operation.
The power profile test next will determine the spacecraft subsystem
power demands on the power subsystem during each part of the mission
profile. The power profile test will be performed as follows:
a) The flight sequence of events until sun acquisition
will be followed and primary drains monitored.
b) The primary power drains until sun acquisition
will be compared with the trajectory information
to determine that the battery capacity is adequate
to support spacecraft operations until sun
acquisition.
c) The spacecraft will be commanded to perform all
of the cruise functions, while all primary power
drains are monitored.
d) The primary power drains will be compared with
the trajectory information to ascertain that suf-
ficient battery capacity remains to perform the
rnidcour se maneuvers.
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e) The spacecraft will be commanded to perform all
of the cruise mode and Mars encounter functions
while all primary power drains are monitored.
f) The primary power drains will be compared with
the trajectory information to ascertain that suf-
ficient battery capacity exists to perform the
deboost and sun reacquisition modes for the Mars
orbit operations.
g) The spacecraft will be commanded to perform all
of the Mars orbiting functions, while all primary
power drains are monitored.
h) The primary power drains will be compared with
the trajectory information to ascertain that suf-
ficient battery capacity remains to carry the space-
craft through the sun eclipses encountered during
the Mars orbits.
The spacecraft ordnance tests will be performed in the same manner
as the spacecraft engineering model.
Next the proof test model solar array testing will take place. Each
solar array section will be illuminated using the solar array EOSE, and
the short-circuit current and open-circuit voltage measured. An inverse
impedance measurement will be performed on each solar array string as
part of the solar array testing phase.
The last part of the spacecraft build-up is the installation of all
thermal insulation, before electromagnetic compatibility tests since the
insulation may also serve as RF insulation. The electromagnetic com-
patibility test checks that no spacecraft subsystem interferes with another
subsystem and that no spacecraft subsystem will interfere with the launch
vehicle for every spacecraft electrical configuration. The spacecraft
operations will be performed as follows:
a) Command the spacecraft subsystems through
every combination of the flight sequences and
ascertain that there is no degradation or inter-
ference between subsystems.
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• Canopus sensor
• Gas jet
• High-gain antenna
• High-gain antenna latch
• Medium-gain antenna
• Medium- gain antenna latch
• Mapping package
• Low-gain antenna
• Magnetometer experiment
• Magnetometer boom latch
• Spacecraft vertical alignments
The final test conducted as part of the 1ETM assembly and test is
appendage deployment. Each spacecraft appendage will be deployed in
simulated zero g, observing that each appendage freely deploys with no
mechanical resistance or cable chaffing.
6.7 Type Approval Testing
The PTM type approval testing sequence is shown in Figure 5-43
and the PTM test schedule in Figure 2-6.
The proof test model spacecraft weight, center of gravity, and mo-
ment of inertia determinations will take place in the same manner as was
done during the I_TM assembly and test, the only difference being that
during the assembly and test phase the capsule was not installed.
Before the PTM spacecraft vibration test, test accelerometers for
measuring vibration forces will be installed in the spacecraft. The space-
craft is mated to the vibration fixture and a random vibrational search is
made for mechanical force amplifications; next, low frequency sinusoidal
vibration forces will be applied to the spacecraft; and last, an omni-
directional input of random vibration will be applied. The three vibration
tests are to be done in each spacecraft axis.
The capsule will be removed from the spacecraft so that the forces
that would be experienced by the spacecraft during the retropropulsion
engine fire phase can be adequately simulated. After the capsule has been
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b)
c)
d)
Irradiate the over-all spacecraft with RF signals
that correspond to the expected frequencies and
levels from the Saturn IB and Centaur launch
vehicle system.
Command the spacecraft subsystems through
all the Voyager flight sequences and determine
the frequencies and levels of all radiation that
are emitted from the spacecraft.
Apply audio tones and tone bursts to the space-
craft primary bus system and observe each
subsystem reaction.
The integrated system test is to be performed in the same manner as
on the spacecraft engineering model.
At the magnetics facility the spacecraft magnetic property test will
measure the spacecraft perm field and the spacecraft induced magnetic
fields to determine the stability of the spacecraft perm field and to cali-
brate the magnetometer.
The integrated systems test is once again performed as the last
spacecraft electrical test before the type approval testing. The integrated
systems test will be performed in the same manner as that of the engineer-
ing model spacecraft.
The spacecraft will then be leak tested to insure that no leaks exist
in the spacecraft vessels, plumbing, valves, or regulators. The SCS
pneumatic subsystem, the midcourse correction engine subsystem, and
the solid engine thrust vector control subsystem will be leak tested.
All spacecraft units that require alignment will be optically aligned
to flight specifications in preparation for the spacecraft type approval
testing. These units are as follows:
• Solid retropropulsion motor
• Monopropellant motor
• Capsule
• Gyro
• Sun sensor
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removed, the vibration test is repeated. Each spacecraft subsystem will
be electrically powered and sequenced corresponding to the portion of the
mission profile undergoing vibrational testing. Between the two vibration
tests (with and without capsule), all spacecraft alignments will be checked
for shifts due to the applied vibrational forces.
The appendage deployment test will be performed in a simulated
zero g field using live ordnance to ascertain that each appendage freely
deploys. Next a leak test will be performed to ascertain that the SCS
pneumatic, midcourse correction engine and the solid retropropulsion
engine thrust vector control feed systems have survived the vibration
test. An integrated systems test will be performed to ascertain that
there has been no electrical degradation due to vibration testing. At the
conclusion of the retropropulsion phase of the vibration test the space-
craft alignment, appendage deployment, leak, and integrated system
tests will be repeated to ascertain that the spacecraft has mechanically
and electrically survived the retropropuIsion phase of vibration testing.
The spacecraft engineering model will be used to validate the
space simulation test complex as part of the space simulation testing.
The space simulation preparation for the PTM will consist of the following
tasks :
a) Install heaters in the spacecraft as required
b) Install thermalcouples in the spacecraft
c) Attach capsule to spacecraft
d) Install the spacecraft in the simulation fixture
e) Functional test as a final verification of the
space simulation electrical complex and MOSE
When the proper chamber pressure has been reached, the vacuum cham-
ber cold walls will be activated and the spacecraft allowed to temperature
soak. When the spacecraft has reached the temperature anticipated dur-
ing the spacecraft separation portion of the mission sequence, the space-
craft sun acquisition mode simulator will be initiated.
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The spacecraft will be electrically powered and sequenced during
the space simulation test following the mission profile. The sun simula-
tor will be varied throughout the test to correspond to the intensities
encountered during the various phases of the mission profile. The solar
array outputs will be monitored to determine that the array output elec-
trically meets the required specifications.
The space simulation chamber temperature will then be allowed to
increase to the specified upper temperature limit. Each spacecraft sub-
system will then be exercised and monitored for proper operation. After
the capsule has been removed from the spacecraft, the spacecraft will
undergo a high- and low-temperature test and simulated Mars orbit
testing including eclipse simulation. After the completion of space sim-
ulation tests, appendage alignment, appendage deployment, and leak
tests, an integrated system test will be performed in the same manner as
after vibration testing.
The PTM capsule will be reinstalled in the PTM spacecraft, and
the shock test initiated. The shock tests simulate shocks encountered by
the spacecraft during the liftoff shroud jettison or retropropulsion
engine firing. The spacecraft will be electrically powered and actuated
corresponding to the applicable portions of the mission profile. After
the shock test has been completed, all spacecraft alignment will be
checked for shifts. All spacecraft appendages will then be deployed in
a simulated zero g field, using live ordnance. After leak tests, a space-
craft integrated systems test will be performed to verify that the space-
craft suffered no adverse electrical or mechanical effects as a result of
the shock test.
Next the acoustical test will simulate forces encountered by the
spacecraft and capsule during the liftoff phases. The spacecraft will be
electrically powered and actuated corresponding to the applicable portions
of the mission profile. After the acoustical test, all spacecraft align-
ments will be checked for shifts and all spacecraft appendages deployed
in a simulated zero g field, using live ordnance, followed by leak tests
and integrated systems test.
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qV The acceleration test will simulate forces encountered by the space-
craft and capsule during the liftoff and retropropulsion maneuver phases.
The spacecraft will be electrically powered and actuated corresponding
to the applicable portions of the mission profile. Following acceleration,
all spacecraft alignments will be checked for shifts, appendages deployed
in a simulated zero g field, using live ordnance, leak tests carried out,
and an integrated systems test completed.
After the completion of the final integrated system test, the space-
craft and associated OSE will be placed in shipping containers and shipped
to the AFETR to support the launch complex facility validations.
6.8 Flight and Life Test Spacecraft Assembly and Checkout
The flight spacecraft assembly and checkout will be performed
precisely as for the proof test model spacecraft with the exception of
moment of inertia determination.
6.9 Flight and Life Test Spacecraft Acceptance Testin_
As shown in Figure 5-44, the flight spacecraft will undergo
vibration and space simulation testing only. The vibration and space
simulation testing will be performed in the same manner as for the
proof test model but with levels commensurate with flight environment.
Shock, acoustical, and acceleration tests will not be performed on the
flight spacecrafts.
It is not planned that humidity testing be performed at the space-
craft level. A description of spacecraft life testing is discussed in Sec-
tion IV 3. 7. 2.
6.10 Spacecraft Launch Operations
The launch site operations sequence is shown in Figure 5-45.
The proof test model spacecraft and OSE will be received and in-
spected for shipping and handling damage. The spacecraft solar array
support structure will be mated to the spacecraft and arrays installed.
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All structure-mounted stabilization and control subsystem and experiment
sensors will be installed to the solar array support structure. Concur-
rently, all OSE will be validated and the spacecraft mounted on the tilt
fixture. After OSE validation, the SCS and experiment sensors will be
electrically validated in the spacecraft, and the proof test model capsule
mated to the proof test model spacecraft and validated. As an off-line
task, the MOPS end instruments will be installed into all applicable EOSE
and checked with all areas. The proof test model spacecraft integrated
systems test will be performed, proving that the spacecraft is working
properly and can proceed with its assigned tasks.
The proof test model spacecraft and Launch Pad No. 1 EOSE will
be transported to the Centaur assembly area to support the Centaur-space-
craft interface testing. Concurrently, the peripheral EOSE will be trans-
ported to the explosive safe area. The proof test model spacecraft me-
chanical interface tests at the Centaur assembly area are:
• Centaur-spacecraft interstage fit and alignment
tests
• Install and route interstage cables
• Nose fairing clearance tests
• Spin-off connector clearance test
The proof test model spacecraft electrical interface tests at the
Centaur assembly area are:
• Validate all umbilical electrical functions
Validate all Centaur-initiated spacecraft ordnance
functions
• Determine nose fairing RF coupler losses
The spacecraft gantry support fixture will be transported to Pad
No. 1. The proof test model spacecraft and nose fairing, having conclud-
ed the interface tests at the Centaur assembly area, will be transported
to Pad No. 1 and mated to the spacecraft gantry support fixture. The
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spacecraft will be electrically powered from the blockhouse EOSE which
had previously been validated using the spacecraft simulator. The proof
test model spacecraft on-stand electrical tests are:
• Validate all electrical umbilical functions using
blockhouse EOSE
• Determine RF nose fairing coupler losses
Determine RF nose fairing air loss between the
DSIF station and the spacecraft and between the
spacecraft assembly area and the spacecraft.
the on-stand air conditioning, purging, and sterilization equip-In addition,
ment compatibility tests will be performed.
The proof test model spacecraft and gantry support fixture will be
transported to Pad No. 2 and the launch pad tests repeated.
At the conclusion of the Pad No. 2 testing, the proof test model
spacecraft and spacecraft gantry support fixture will be transported back
to the spacecraft explosive safe area, for validating the STC and associ-
ated capsule equipment.
Concurrently with the AFETR testing on the proof test model, the
flight i, 2, and 3 spacecraft and OSE are received and inspected at the
spacecraft assembly and test facility. The flight SCS and experiment sen-
sors will be bench tested and calibrated while the solar array support
structure is being mated to the flight spacecraft. After the solar array
support structure is mated to the flight spacecraft, which in turn has been
mated to the tilt fixture, the SCS and experiment sensor will be mounted
to the supported structure and electrically validated. While the SCS and
experiment sensors are being calibrated in the laboratory, all of flight
EOSE will be validated. The MOPS ETR end instruments will be installed
and checked in each applicable EOSE.
The flight spacecraft integrated systems test will be performed,
demonstrating that each spacecraft is performing properly. At the con-
clusion of the flight, No. 3 spacecraft will become a means of acquiring
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electrical running time of all spare black boxes. No spare black box will
be placed upon the first or second flight spacecraft unless it has been
taken from the third flight spacecraft.
The first and second flight spacecraft SCS pneumatic system and
midcourse correction engine leak tests will be performed to prove that the
SCS and midcourse correction engine tanks are in a condition to be filled
to flight levels. Next, all spacecraft alignments will be checked to insure
that there have been no alignment shifts during shipping and handling.
After the alignment checks, the spacecraft thermal louvers will be tested
using the spray technique. Each louver will be sprayed with a highly
evaporative fluid to cool and actuate the louvers. After the louver tests
have been completed, the experiment calibrations will commence. No
experiment will be removed during the calibration; and all calibrations
must be performed with the experiments installed in the spacecraft.
After the experiment calibrations the RF transmitter calorimeter
test will be performed, measuring each spacecraft transmitter to the
nearest 0. i db. The following in-hangar test will be performed on the
solar array:
• Perform inverse impedance test on each solar
array panel
• Illuminate each array panel and measure the open
circuit-voltage and short-circuit current
All flight items will be torqued to specification and thermal control
surfaces, SCS and experiment sensors, solar array cells and safety wir-
ing, RF connectors, and other applicable spacecraft hardware cleaned.
All appendage flight pin pullers and the flight retropropulsion engine ther-
mal insulation will be installed.
The spacecraft will be transported to the explosive safe area and
mechanically mated to the Centaur adapter. The separation switches will
be adjusted and electrically tested and the flight batteries installed and
electrically tested, unless it has been determined that the flight batteries
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will be installed in the spacecraft assembly area. A folded integrated
systems test will be performed, that is, no spacecraft appendages will be
articulated. The flight spacecraft rnidcourse correction and SCS penu-
matic system will be pressurized to flight levels. The midcourse correc-
tion engine will be fueled and its ignitor ordnance cartridges installed
with shorting plugs connected. Next, the pin puller ordnance cartridges
will be installed in each pin puller and the shorting plugs installed.
Each spacecraft appendage will be manufally deployed, observing
that the appendage freely deploys with no chaffing or restriction.
The solid retropropulsion engine and the flight capsule will be in-
stalled and aligned to the spacecraft. After the flight capsule has been
aligned to the spacecraft, a capsule interface test will be conducted. All
electrical and mechanical interfaces added since the hangar testing will
be checked. All sensors and the solar arrays will be cleaned. Spacecraft
vertical alignment will be checked. A final weight and center of gravity
determination will be made.
The spacecraft ordnance tests will be performed as follows. As-
certain that the spacecraft is in a safe condition by observing that no volt-
age exists across each ordnance device and that no resistance exists
across each ordnance device connector pin to frame ground. Next each
ordnance device will be commanded to the armed condition and the proper
voltage monitored at the input to each ordnance switch. The spacecraft
will again be commanded to the ordnance safe condition, rechecked and
connections completed. The spacecraft nose fairing will be installed and
the spacecraft and its associated subsystems will be gas sterilized using
the nose fairing as a sterilization container. The spacecraft will then
undergo a modified integrated systems test which will grossly check each
subsystem. After the modified integrated systems test has been com-
pleted, the spacecraft will be transported to Pad No. i and mated and
aligned to the launch vehicle.
The on-stand functional test will include the following interfaces:
• All spacecraft umbilical functions between the space-
craft and the PAD No. i blockhouse
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Wideband video pair system between the spacecraft
and the data centers
• RF link between the spacecraft and the data center
• RF link between the spacecraft and the DSIF station
Once the spacecraft interfaces have been tested, the radio frequency
interference test will be performed. It is expected that only the space-
craft will participate in this test.
All No. 1 flight spacecraft on-stand activities will cease until the
No. 2 flight spacecraft is mated to the launch vehicle at Pad No. 2, fol-
lowing testing activities identical to those for flight No. 1. From this
point on, both the flight No. 1 and No. 2 spacecraft will participate con-
currently in the remaining on-stand testing activities.
A combined vehicle RF interference test is performed to ascertain
that none of the Centaur or Saturn transmitters or beacons interfere with
the spacecraft transmitters or receivers and vice versa. The RFI com-
patibility test will be performed as follows:
Each Saturn beacon and transmitter is turned on
one at a time and both the Centaur and the space-
craft will ascertain that there is no interference
with or degradation of the receiver or transmit-
ter systems.
Each Centaur beacon and transmitter is turned on
one at a time and both the Saturn and the spacecraft
will ascertain that there is no degradation of or in-
terference with the receiver or transmitter systems.
Each spacecraft transmitter is turned on one at a time
and both the Saturn and Centaur vehicles will ascer-
tain that there is no degradation of or interference
with the receiver or transmitter systems.
All spacecraft, Centaur, and Saturn transmitters
are turned on together and each vehicle will ascer-
tain that there are no mutual degradations of or
interference with the various transmitting or re-
ceiving systems.
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The J FACT test preparations are divided into the following tasks:
• Installation of the nose fairing separation squib
simulator s
• Installation d the spacecraft umbilical cable spin-
off connector squid simulators
• Installation of the spacecraft separation squib
simulator s
The remainder of the day will be spent practicing the J FACT test pro-
cedure. It is expected that only the spacecraft will participate in this par-
ticular activity. After the J FACT test preparations have been completed,
the J FACT test itself will check out the post-injectionportion of the mis-
sion profile. The following spacecraft-related postlaunch functions will
be monitored and checked.
• Nose fairing separation
• Spacecraft umbilical cable separation
• Spacecraft separation from the Centaur
Since the spacecraft itself does not control any of the above functions, the
J FACT test, as far as the spacecraft is concerned, will serve as a prac-
tice countdown.
Next, the FRDtest preparations will take place followed by the FRD,
duplicating the countdown with respect to the spacecraft.
The last launch task will be the actual launch vehicle countdown.
The countdown is divided into two activities: the precountdown and the
terminal countdown. Both spacecraft will participate in the precountdown
activities. Prior to the conclusion of these activities each subsystem of
each spacecraft will have been checked for proper operation. At the con-
clusion of the precountdown activities a decision will be made as to
whether flight No. I or No. 2 spacecraft will be launched.
6. II Mission Operations Support
Mission operation support begins during the spacecraft engineering
model assembly and test, when the orbital operations computer programs
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Will be tested.
formed by the
a)
b)
c)
d)
e)
f)
g)
Listed below are some additional tasks that will be per-
operations personnel during the course of spacecraft testing:
Compile and revise as necessary all existing data
pertinent to the understanding of the operational
characteristics of the spacecraft, capsule, and all
experiments. The documents will be subdivided into
the various subsystems to facilitate use by the
various subsystem personnel.
Define and coordinate the implement ation of the
communications network between the central con-
trol at JPL and the DSIF stations, as well as
secondary tracking stations in the STADAN net-
work and downrange postlaunch tracking and data
acquisition stations.
Define lhe engineering and experiment computer
programs to be used at JPL for both quick-look
and long-term data processing, including a defini-
tion of the expected and out-of-tolerance limits on
major spacecraft and experiment telemetry items.
Define the real-time telemetry and communications
requirements for the DSIF complex during the criti-
cal postlaunch and in-flight maneuvers.
Define and coordinate a data tape run from the flight
equipment ¢Turing the final test phases. This tape
will include a simulation of all anticipated in-flight
maneuvers as well as all conceivable spacecraft and
experiment m0d e s.
Generate detailed calibration data for all engineering
items and those items considered crucial for the
success of individual experiments. This data will
be integrated on calibration cards to be used with
quick-look data displays.
Generate a mission plan for each specific space-
craft which defines the operational requirements
of the program.
Z93
7. PHASE IB IMPLEMENTATION PLANNING
The implementation planning for Phase IB consists of updating
plans submitted during the Phase IB proposal and preparing additional
Phase II planning documents.
The management plans to be updated and submitted during the
eight-month Phase IB preliminary design phase 'include:
• Project Control Plan
• Safety Plan
• Facilities Plan
• Quality Assurance Plan
, • Reliability Program Plan
• Configuration Control Plan
• Documentation Plan
• Procurement Plan
In addition, plans for the detailed implementation of the Phase II,
development phases will be prepared and submitted including:
• Manufacturing Plan
• Integrated Test Plan
• Assembly and Checkout Plan
• Launch Operations Plan
• Magnetic Control Plan
• Contamination Control Plan
• Electromagnetic Control Plan
• Experiment Design Integration Plan
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APPENDIX A
ASSEMBLY, TEST, AND LAUNCH OPERATIONS
This appendix contains the relatively detailed descriptions, in the
form of tables and flow charts, of the assembly and test operations for
both the 1969 and 1971 missions.
cluded, covering the following:
.
2.
3.
4.
I.
2.
3.
4.
5.
Nine tables and flow charts are in-
1969
Proof Test Model Assembly and Checkout
Proof Test Model Type Approval Testing
Flight Spacecraft Flight Approval Testing
Launch Operations
1971
Engineering Model Assembly and Checkout
Proof Test Model Assembly and Checkout
Proof Test Model Type Approval Testing
Flight Spacecraft Flight Approval Testing
Launch Operations
No table is supplied for the 1969 engineering model assembly and
test since these activities are identical to the 1971 engineering model
assembly and test. Similarly, the flight model assembly and test activi-
ties for both 1971 and 1969 missions are not recorded since they are
identical to those of the proof test model assembly and test, with the
exception of the moment of inertia test which will not be included during
flight model assembly and test.
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APPENDIX B
RELIABILITY PROGRAM PLANNING
For Phase IB of the Voyager program, TRW will draft a reliabil-
ity program plan in accordance with the NASA Reliability Publication
NPC Z50-1. Certain features of the plan may be noted in advance.
First, the plan will be of major scope and will call for a reliabil-
ity effort that operates throughout the life of the program.
Second, the plan will be organized in accordance with NPC-205-1.
It will contain a detailed account of tasks, milestones, and level of effort
needed to fulfill the mission reliability requirements established by JPL
Project Document No. 45 (V-MA-004-001-i4-03, Preliminary Voyager
i971 Mission Specification, May l, 1965). The plan will also follow
the guidelines in the TRW Reliability Manual and draw upon applicable
DAC and RCA reliability procedures. Fortunately, all three companies
already pursue basically similar methods.
Third, the plan will identify three areas of special importance in
reliability program planning, as follows:
a) Subcontractors. Paragraph Z. 6 of NPC-250-1,
relating to subcontractor and supplier control,
will be applied.
b) Testing. The test board will schedule specific
tests of all levels of material as required to meet
reliability verification requirements.
c) Quality Assurance. Reliability tasks (per NPC-Z50-i)
will be smoothly coordinated with quality assurance
tasks (per NPC-200-2 and -3) and such coordination
provided for in the reliability program plan and the
reliability assurance plan.
Fourth, the plan will identify and describe 16 reliability task
elements, framed in accordance with NPC-Z05-1, that are necessary
to meet reliability program requirements.
We foresee the development and coordination of the plan moving
through three steps: i) a preliminary plan to be submitted as part of
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the Phase IB proposal, 2) an intermediate plan growing out of program
level-of-effort negotiations, and 3) a final plan for NASA/JPL formal
review and approval.
The remainder of this appendix is devoted to the 16 reliability
tasks.
Task I - Reliability ProGram Management
Reliability program management will focus strongly on systems
engineering during Phase IB and on product-design in Phase If. To
coordinate prime and subcontractor efforts, a joint reliability concil will
be formed at the start of Phase IB. Project task planning will give equal
attention to spaceborne and critical ground equipment.
Task 2 - NASA/JPL Liaison
TRW recognizes the broad system and mission responsibilities
borne by NASA/JPL and the necessity for effective liaison on all criti-
cal reliability matters. As presently foreseen, specific formal liaison
actions will include: NASA/JPL approval of the reliability program
plan; reviews per NPC-Z50-1, paragraph Z. 3; and independent assess-
ments, per NPC-Z50-i, paragraph I. 4. Z. NASA/JPL will also take
part in joint reliability council meetings, design reviews (per NPC-
Z50-1, paragraph 3.6. i), failure reporting-corrective action cycles,
and review of test data. Finally, the status of all reliability action
items will be reported currently and in a format designed to facilitate
accurate monitoring and assessment by NASA/JPL.
Task 3 - Reliability ProGram Plans
Current guidelines for reliability program planning apply to the
preliminary plan to be prepared in response to the RFP for Voyager
Phase IB. The preliminary plan will be composed of identified tasks,
along with project schedules and milestones. Specific reliability organi-
zations with responsibile personnel will be shown for TRW and its major
subcontractors. Detailed descriptions will be provided for the parts
and materials plan and the design review plan for Voyager as required
by Appendix B of NPC-250-1. Further detailed considerations for other
task areas will be included in the intermediate and final plans and in
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cooperation with NASA/JPL reliability activities during the Voyager
Phase IB study interval.
Task 4 - Reliability Models and Estimates
During the Phase IA study, numerous system and subsystem relia-
bility models were employed in arriving at Voyager designs. The modeling
techniques (which are described in Chapter 8 of TRW Systems' Reliability
Manual} will be reviewed in the light of Voyager program needs when the
intermediate or final reliability program plans are drafted.
Task 5 - Reliability Tradeoff
Reliability objectives will differ for each mission because each
flight varies with respect to launch opportunity, mission purpose, scien-
tific payload, weight reserve, etc. Within any mission plan, design
commitments made for reliability must be traded off for various sub-
systems in accordance with their relative criticality to the mission.
These constraining issues include those given in the Preliminary Voyager
1971 Mission Specification for the primary mission objectives (page 5)
and the competing characteristics factors (page 21) pertinent to space-
craft and capsule mode priorities. There are various tradeoff areas
where reliability is a significant constraint. These will be enumerated
in the reliability program plans and will include the weight versus relia-
bility tradeoff exercise discussed in Volume 4, Section III.4, of the report,
and used in this study to arrive at the preliminary Voyager spacecraft
design.
Task 6 - Reliability Input to Specifications
The plan will contain a schedule of detailed events whereby numeri-
cal reliability requirements will be invoked for Voyager subsystems and
elements. These requirements will be based upon analyses of the kind
discussed here. In the conduct of the Phase IA study, reliability re-
quirements for Voyager subsystems have been established and included
in Volume Z for the 1971 spacecraft and Volume 7 for the 1969 space-
craft. These requirements have been established as design goals com-
mensurate with the achievements of the maximum level of Voyager mis-
sion success in accordance with the established (numerical) primary
mission objectives for reliability. Continued inputs to specifications
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for reliability requirements will be planned and integrated with the other
scheduled design and manufacturing events for systems, subsystems,
equipment, and parts level materiel.
Task 7 - Parts and Materials
Fulfillment of valid reliability predictions and achievement of re-
liable end products depends upon appraisal and control of Voyager
material at the level of parts and materials. TRW will present parts
and materials evaluation and control practices suitable to Voyager as
part of the preliminary reliability program plan. The specifics of these
practices are to be consistent with the stated requirements of the JPL
Preliminary Voyager i97i Mission Specification, Section 6, paragraph
2, as interpreted in response to the primary Voyager mission objectives.
Task 8 - Design Constraint Planning
In addition to parts and material considerations, design constraints
will apply to weight, magnetic properties, contamination control, electro-
magnetic interference, circuit tolerance control, maintainability features_
environment control functions, and element testability. In each case, re-
liability analysis and judgment factors will constitute significant flight
spacecraft design criteria and constraints in accordance with paragraph
6 of the JPL Preliminary Voyager 1971 Mission Specification. The under-
lying objectives of the reliability program plan will be to relate all relia-
bility-oriented design constraints into a coherent plan. At the outset,
broad design constraints will take the form of structural-design safety
factors, electronic part derating policies, thermal excursion maxima,
etc. In each of these instances, preliminary constraints were set for
the designs evolved during Phase IA and are inherent in the reliability
apportionment ground rules documented in Volume 2, Section 3, for the
1971 Voyager spacecraft.
Task 9 - Mission Reliability Analysis
In arriving at meaningful design goals for Voyager subsystem3 and
equipment, we have made physical interpretations of the probabilistic
mission objectives given in the JPL Preliminary Voyager 1971 Mission
Specification. These interpretations must be updated and all variances
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in design achievement (relative to the specified goals established) inter-
preted in terms of the over-all Voyager mission success probability.
Such mission reliability analyses will proceed in accordance with the
reliability model updating provisions of NPC-250-I, paragraph 3.3.
Task 10 - Design Review
Effective reviews of Voyager system, subsystem, and equipment
designs are important to the reliability effort. The preliminary relia-
bility program plan will detail an approach (per NPC-250-I, Appendix
B) and will provide representative review meeting agenda and technical
review criteria. The design review meetings for all subcontract de-
sign phases will be chaired by the Voyager subcontractor project man-
ager. All design reviews will be attended by the key technical design
engineers for the contractor or subcontractor plus responsible relia-
bility experts. The latter will validate and follow up all action items
pertinent to the tasks outlined in this document. It is expected that
NASA/JPL representative s will participate in all final- stage de sign
reviews in accordance with NPG-250-1, paragraph 3.6.
Task 11 - Reliability Test Program Plannin_
Voyager spacecraft development and verification tests will include
those designed specifically to yield statistical verification of reliability
requirements as well as tests designed to assure functional capabilities
and "worst case" qualifications as provided by NASA Document NPC-
200-2, paragraph 4.3. Similar requirements and tests will be imposed
• _T_q" 3_/__
on critical ground operating equipm_lit. As noted in _ ,_-_Jv-i, para-
graph 4. I, the contractor (and subcontractor) reliability organizations
will not normally have primary responsibility for testing; however, they
will be responsible for ensuring that the integrated test plan (Section IV)
provides for economical and timely reliability evaluation at the system,
subsystem, and component levels. The reliability program also em-
braces economical reliability test planning at the parts and materials
level. This responsibility will be outlined in the preliminary plan.
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Task 12 - Reliability Test Data Reduction
A key responsibility will be to accumulate and interpret the relia-
bility data from all Voyager tests. While special attention will be paid
to tests specifically intended for reliability verification, pertinent data
will be collected from all other Voyager tests, from NASA and other
sources, to provide a composite engineering evaluation of Voyager
materiel reliability. In reducing and interpreting test data, considera-
tion will be given to the combined statistical and engineering confidences
associated with the various compromises made for sample sizes, envi-
ronmental simulations, mission time and actuation replicas, system
configuration variations, and test and measurement facilities. A pre-
liminary evaluation of such practical compromises as they pertain to
Voyager appears in Section IV of this volume.
Task 13 - Failure-Corrective Action
TRW as well as DAC and RCA have all had direct and practical
experience with failure reporting and corrective action systems corre-
sponding to NPC-250-i, paragraph 3. 7. A detailed description of
failure reporting and corrective action procedures, organizational
responsibilities, and report formats will be included in the intermediate
reliability program plan. This system will embrace both reliability
and quality assurance and will provide for smooth data and action con-
trols across the contractor, subcontractor, and intra-company organi-
zational boundaries. The system will incorporate strict reporting,
analysis, and corrective feedback for fabrication, handling, test, check-
out, and operational phases. Malfunction analysis procedures will in-
clude thorough documentation of malfunction events and use of the most
experienced personnel to render decisions of malfunction categorization,
corrective measure action, and case disposition.
Task 14 - Reliability Progress Reporting
Progress reporting requirements are prescribed in NPC-250-I,
Section 5. These include brief weekly summaries, periodic progress
reports (coincident with Voyager project progress reports), and relia-
bility program control reports as separate fiscal and management portions
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of the Voyager project report required by the contract. Status reporting
will cover all the action items in the approved reliability program plan.
Task 15 - Subcontractor Reliability Controls
Subcontractor project managers will direct interface operations
(meetings, schedules, follow-up, funding) between TRW and its subcon-
tractors. However, the reliability program manager will establish
technical requirements for subcontractor reliability and verify success-
ful completion. DAC and RCA will establish for TRW approval (and in-
corporation in the over-all reliability program plan), separate task
definitions and schedules for the reliability areas under their cognizance.
The specific details of a Voyager plan for subcontractor reliability con-
trol will be included in the intermediate reliability program plan as pre-
scribed in NPC-250-I, Appendix C, and related directly to fiscal and
over-all project schedule factors.
Task 16 - Reliability Training
Reliability training activities in accordance with NPC- 250- I, para-
graph 2.5, will be coordinated with the Voyager quality training plan in
accordance with NPC-Z00-Z, paragraph 13. Details will be spelled out
in the intermediate reliability program plan.
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APPENDIX C
MAGNETIC CONTROL PLAN OUTLINE
I. INTRODUCTION
The Voyager project requires the establishment of a magnetics
control plan, which will be directed by a magnetic control group within the
Voyager organization. The outline of this plan, which will be described
in detail in the Phase IB proposal, is presented below, described in terms
of the tasks to be accomplished during both Phase IB and Phase II.
2. GENERAL
A general description of the tasks to be accomplished in providing
effective magnetic control includes:
al Participation in the design of the various subsystem
assemblies and the over-all spacecraft to control the type
and positioning of the components to minimize permanent
fields and wiring techniques to reduce stray fields.
bl Control of assembly and processing operations to pre-
vent magnetic contamination of clean materials. Past
experience has shown that assemblies like fiberglass
antennas have become contaminated and magnetic.
Magnetic receiving tests on all materials and
components to be used in the spacecraft.
Complete magnetic testing of all assemblies, both
operating and static, and in the magnetized and
demagnetized condition.
Participation in the spacecraft layout of the subsystems
and orientation of assemblies within a subsystem to
minimize the magnetic field of the spacecraft seen by
the magnetometer sensor.
Testing of the spacecraft in the nonoperating condition
to determine the permanent field, and in all operating
and failure modes to determine the stray field.
3. PHASE IB TASK OUTLINE
The following tasks are considered necessary for the implementa-
tion of the Phase IB magnetics control program. The same approach has
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been successfully used on the OGO and Pioneer programs and more re-
cently on the USAF 2029 program.
General
a) Provide a personnel and funding plan for the tasks
associated with the Voyager magnetic control program.
b) Plan and coordinate magnetic tests in conjunction with
other TRW departments; this includes breadboard tests
and special component tests. Extensive special com-
ponent tests are often necessary in developing tech-
niques for minimizing magnetic fields in specific prob-
lem areas.
c) Coordinate assembly magnetic test requirements within
TRW. The magnetic test requirements of each assem-
bly fabricated must be designed to yield the maximum
useful information about the magnetic properties of the
assembly while in no way jeopardizing the function of
the assembly.
d) Coordinate assembly testing within TRW. The contents
of each magnetic test procedure for assemblies fabri-
cated by TRW must be determined, including determin-
ing distances at which measurements are made and the
operating modes to be exercised during the test.
e) Coordinate assembly magnetic properties and test require-
ments with subcontractors. Requirements for the magnetic
properties and testing of subcontracted assemblies must be
determined.
f) Coordinate assembly testing with subcontractors. Mag-
netic test procedures prepared by the subcontractors
;;,illbe reviewed.
g) Planning and coordination of spacecraft testing. Space-
craft magnetic testing requirements will be defined,
and tests to meet these requirements devised. Special
test equipment necessary for spacecraft testing will be
designed.
h) Preparation of contractually required reports, i.e.,
progress reports, material reports, and other con-
tractually required documentation including the prep-
aration of a preliminary spacecraft magnetic test plan.
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Parts Testing
a) Preliminary tests and studies leading to establishment
of general criteria for parts testing. These studies
and tests define the magnetic level above which parts
are considered unacceptable for the Voyager mission
and below which parts are considered acceptable for
the Voyager mission. This level is influenced by many
factors, such as the total parts count of the spacecraft,
the length of the magnetometer boom, and the relative
locations of the assemblies.
b) Assist in parts and materials tests and selection.
c) Attend parts deviation meetings as a parts deviation
board member. Parts deviation board meetings are
set up to incorporate new parts on the approved parts
list. Parts are investigated to determine their mag-
netic characteristics and previous reliability history.
Acceptable parts are then incorporated into the approved
parts list. If the part is unacceptable a search is ini-
tiated to find a suitable substitute.
d) Study and recommend solutions for troublesome parts
which are magnetic and functionally replaceable with
nonmagnetic substitutes.
e) Generate specific criteria for incoming inspection of
all parts and materials. Parts and materials to be used
on the Voyager spacecraft will be magnetically screened
at incoming inspection. The parts list is divided into
two classes: Class I parts which are nonmagnetic and
Class II parts which are magnetic. All Class I parts
are tested to a general magnetic test procedure contain-
ing the criteria for failure. Each Class II part type is
handled individually. The criteria for failure for each
Class II part type is established. This criteria together
with the Class II parts incoming inspection magnetic test
procedure are used to screen Class II parts at incoming
inspection.
Design and Development
a) Generate magnetic control guidelines specific to the
Voyager program.
b) Participate in breadboard tests and analyze results.
Breadboard tests will be conducted and the results ana-
lyzed to diagnose potential problem areas.
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c) Participate in system and assembly design reviews.
Each system and assembly will be carefully analyzed
to determine whether magnetic fields are minimized
and, based on the analyses, recommendations will be
made.
d)
e)
f)
Assist subcontractors in the areas of magnetic control.
Magnetic control guidelines will be supplied to the sub-
contractors and TRW will assist the subcontractors in
establishing magnetic control programs.
Assist subcontractors in setting up facilities and mag-
netic testing techniques. TRW experience in the field
of magnetic measurements will be made available to the
subcontractors to assist them in establishing their mag-
netic test facilities and magnetic testing techniques.
Study magnetic problem areas and recommend solutions.
System and assembly magnetic field problems will be
studied and recommendations made.
g) Determine magnetic criteria for each assembly. Mag-
netic field criteria will be established based on the max-
imum allowable field at the magnetometer sensor, the
position of the assembly relative to the sensor, and the
number and the nature of the parts in the assembly.
h) Perform solar panel and solar array tests. On past
programs it has been shown that solar arrays can be
manufactured to be completely nonmagnetic when non-
operating. In the operating mode, stray fields have been
very accurately predicted and eventually reduced to ex-
tremely low levels (0. 1 gamma at the sensor) by making
use of a mock-up of the array. Copper strips were used
to simulate the sheets of current produced in the solar
cells. Wiring routes were traced exactly to duplicate the
:.......... +_..... _g The various panels were then
energized by passing currents through them. Not only
is this system representative of the actual array but it
lends itself to simulating any failure modes that might
occur. It is proposed that this simulation should be veri-
fied and that an array of mock-up panels be used to de-
termine the stray magnetic field due to the solar array
at the position of the magnetometer sensor (see Figure
C-l, mock-up of ZOZ9 solar array).
Procedures and Specifications
a) Prepare parts and materials incoming inspection pro-
cedures. The magnetic test procedure for Class I and
Class II incoming inspection will be prepared.
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b) P r e p a r e  assembly magnetic tes t .procedures .  Magnetic 
tes t  procedures for the magnetic testing of each a s s e m -  
bly fabricated by TRW w i l l  be prepared. 
Figure C-1. Mock-up of Solar Ar ray ,  
2029 P r o g r a m  
Spacecraft T e sting 
a )  Design special  f ixtures and t e s t  equipment for space- 
c raf t  perming, deperming, and mapping. Using the 
coilless method in determining the magnetic field of the 
spacecraft  necessi ta tes  a handling fixture to  rotate  the 
spacecraft  about two axes.  This method of mapping the 
spacecraft, while not as  accura te ,  is  far l e s s  costly 
than using a coil system. If g rea t e r  accuracy is r e -  
quired in  determining the spacecraf t  magnetic field, a 
coil system far l a rge r  than the present  Malibu facility 
will have to  be constructed. If the coils a r e  accurately 
controlled with r ega rd  to  drift,  the spacecraf t  need not 
be rotated to ascer ta in  the off-set. 
the coils do drift ,  a fixture like that used on the coil less 
method will be required ( s e e  F igures  C - 2  and C-3). 
Fixtures  w i l l  a l so  be required to  hold the spacecraf t  
while the boom-mounted experiment sensor  is  positioned 
in a coil facility, such as  that at Malibu, for in te r fe rence  
and calibration tes t s .  The s a m e  f ixtures  can be utilized 
for positioning the spacecraf t  within the perming and de- 
perming coils. On the instrument  side, commerc ia l  t e s t  
equipment w i l l  be used wherever  possible i n  the t e s t  set- 
up necessary fo r  this  operation. 
If, on the  other hand, 
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b) Design for special  t e s t  equipment and holding fixtures 
for solar  a r r a y  testing. Unless swayed by other con- 
siderations,  it is not planned to t e s t  the solar  a r r a y  as 
par t  of the complete spacecraft ,  
nothing is achieved by having this in the measuring fa- 
cility along with the spacecraf t  since it i s  not contributing 
power and therefore exhibiting no s t ray  field. Statically, 
it should be nonmagnetic and certif ied by individual panel 
measurements .  A fixture i s  required to hold the a r r a y  
while being illuminated and the s t ray field measurements  
ca r r i ed  out, Design of the load banks and switching units 
along with the measuring equipment i s  a l so  required for 
this test .  
F r o m  pas t  experience, 
c) P lan  and calibrate s i te  equipment. The planning of si te 
t e s t  equipment w i l l  be strongly influenced by past  ex- 
perience obtained on the OGO and Pioneer programs,  
and s imilar  tes t  equipment necessary for the mapping of 
the spacecraft  w i l l  be used, 
ment and ear th ' s  gradients  is  made against  a protor  
magnetometer. 
Calibration of s i te  equip- 
Figure C-2. Pioneer Handl ing Fixture  
in  C o i l s  
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Figure  C - 3 .  Handling Fixture for OGO Perming-Deperming 
Tests  
4. PHASE I1 TASK OUTLINE 
Do cumentation 
Preparat ion of a final spacecraft  magnetic t e s t  plan. 
Parts Testing 
Assis t  in the resolution of problems ar is ing at the mag-  
netic incoming inspection of Voyager pa r t s  and mater ia l s .  
Design and DeveloDment 
Per form engineering model  tes t s  on assembl ies  fabri-  
cated by TRW. 
to prove out a design and a r e  a s  near ly  identical  a s  pos- 
sible to the flight design, engineering model  t e s t s  a r e  
extremely valuable in determining the s t ray  magnetic 
fields due to cur ren t  loops. If the s t ray  field of the 
assembly proves troublesome at this point, modifica- 
tions can be made to  minimize the s t ray  fields in t ime 
to be incorporated into subsequent units. 
Since engineering models a r e  constructed 
P r o  c edur e s and Spe ci f i ca tion s 
a)  
b) 
c )  
d)  
P repa re  prel iminary solar a r r a y  magnetic t e s t  procedures  
P repa re  final so la r  a r r a y  magnetic t e s t  p rocedures  
P repa re  prel iminary spacecraf t  magnetic t e s t  p rocedures  
P repa re  final spacecraf t  magnetic t e s t  p rocedures  
Assembly Testing
a} Analysis of assembly test data for assemblies fabri-
cated and tested by TRW. Complete copies of the as-
sembly test data are provided to the Magnetic Control
Group. This data is analyzed and evaluated to determine
acceptability relative to the Voyager mission and com-
pliance with magnetic control procedures, The results of
the analysis are forwarded to the Voyager Project.
Analysis and monitoring of assembly tests performed by
subcontractors. Assembly testing performed by subcon-
tractors will be monitored, The results of the assembly
testing will be analyzed relative to the Voyager mission
requirements and in compliance with magnetic control
procedures. The analysis will be forwarded to the Voy-
ager Project and to the subcontractor.
c) Evaluation of the assembly magnetic test data relative to
the spacecraft magnetic properties. The results of the
assembly magnetic tests are compiled to present an up-
to-date estimate of the spacecraft magnetic field at the
position of the magnetometer sensor.
Spacecraft Testing
al Construct special test equipment and fixtures for solar
array testing.
b) Perform solar array testing.
c) Perform solar array magnetic test data analysis.
e)
Construct special test equipment and fixtures for space-
craft testing.
Calibrate site and equipment for spacecraft tests.
Perform dry runs to verify the compatibility of site and
test procedures. These tests will also provide invalu-
able experience for the Voyager test crews and help to
minimize unnecessary and avoidable delays in the space-
craft tests.
g) Perform spacecraft tests.
h) Perform spacecraft magnetic test data analysis.
i} Participate with the experimenter in any required
calibration tests of the spacecraft/magnetometer sensor
c ombination.
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APPENDIX D
CONTAMINATION CONTROL
I. INTRODUCTION
It is the purpose of this planning document to state the guidelines
to be followed for an organized approach to the evolution of an effective
contamination control plan. This control plan will be separated into two
areas: nonbiological and biological contamination control.
2. NONBIOLOGICAL CONTAMINATION CONTROL
2. I Introduction
Contamination control procedures will be essential during con-
struction of the flight spacecraft to:
• Achieve the highest degree of functional reliability
• Preclude failure of sensitive instrumentation due to
contamination
• Minimize the degree of microbiological contamination
during fabrication
• Eliminate the presence of magnetized chips, filings,
and other products
Following is a discussion on cleanliness requirements, methods
of obtaining cleanliness, controls used to maintain cleanliness, and con-
tamination inspection procedures.
Z. 2 Requirements
2.2. I Cleanliness Requirements
Cleanliness requirements will be specified by Quality Assurance,
and are to be in conformance with JPL requirements. All components
and assemblies requiring any level of cleaning or clean room practices
will be so stated on the engineering drawings. TRW will specify the
methods and materials to clean, package, and assemble designated com-
ponent s.
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2.2. Z Support Facilities
TRW will specify the cleanliness requirements for facilities.
Clean rooms will meet the requirements of Federal Standard 209 or its
equivalent. Laminar flow benches and portable work stations will be
used inside the clean rooms when more stringent controls are required.
2.2.3 Cleaning Equipment
Cleaning equipment such as solvent and cleaning solution pump
units, flushing consoles, ultrasonic units, and drying equipment will be
constructed of low particle-producing materials with filtration provided
between the equipment and the component being cleaned.
2.2.4 Cleaning and Testing Materials
Cleaning and testing fluids will be prefiltered to the cleanliness
level defined by Process Engineering to meet design engineering re-
quirements. Particle counts will be taken on the filtered fluids as a
control measure. Nonvolatile residue tests will be performed when
necessary. Cleaning and testing gases will be prefiltered to meet design
engineering requirements. Vendor shipments of gas will be checked for
dew point and nonvolatile hydrocarbon content. All expendable materials
such as identification inks, cleaning cloths, writing materials, and tote
boxes will be selected by Process Engineering if they are to be used in
envir onto entally- controlled area s.
2.3 Methods of Contamination Control
2.3. I Critical Components
Contamination control provisions will be made in process specifi-
cations for all flight spacecraft components. Special attention will be
provided those operations in which there is production of chips, burrs,
filings, and other products in which magnetic fields may be established
by the fabrication processes. Components will be precleaned to remove
corrosion, scale, and flux, prior to final cleaning. The level of clean-
liness will be specified by Design Engineering and approved by Quality
Assurance.
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2.3.2 Final In-plant Assembly
The final assembly of the flight spacecraft subsystems will be in a
high reliability assembly and checkout area. Physical contamination
will be minimized through per sonnel and environmental control.
2.3.3 Packaging and Shipping
Packaging of cleaned parts and assemblies will be in tamper-proof
containers meeting or exceeding the cleanliness conditions under which
each unit was fabricated. Whenever necessary, temperature, humidity,
and pressure will be controlled in shipping containers.
2.3.4 The Planetary Vehicle
Installation of the flight capsule on the flight spacecraft will be
conducted in the explosion proof facility at Cape Kennedy, under clean
room conditions meeting the requirements of Federal Standard 209 or
its equivalent. The precise level of control will be determined by Qual-
ity Assurance. The flight spacecraft including the flight capsule will be
enclosed in the nose fairing under similar conditions.
2.4 Documentation
Complete documentation will be obtained through design drawings.
Materials will be controlled by government or industrial specifications.
No deviations will be allowed from the specifications without written ap-
proval from Design Engineering.
2.5 Controls
Z. 5.1 Personnel Training and Certification
The Industrial Training Department will train and certify all per-
sonnel who will clean or assemble critical components. Only those who
have completed the training course and successfully passed the written
tests will be authorized for clean room work. The training program
will include the following:
• A general introduction concerning the significance of con-
tamination as it relates to the Voyager program
• Familization with the approved materials to be used in
cleaning and packaging
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• Specific techniques of cleaning, clean assembly, and pack-
aging
Discipline of dress when working in clean rooms
A written examination
2.5.2 Quality Assurance
Quality Assurance will maintain surveillance over all contamina-
tion control requirements and processes. Subcontractors and vendors
will be certified and a list of approved sources will be maintained. All
sources will be recertified at regular intervals.
2.5.3 Verification of Cleanliness
All parts will be subjected to a visual examination immediately
after cleaning. The effectiveness of the process will be maintained and
controlled by conducting sample tests as follows: The parts will be
washed with a known volume of solvent and a particle count will be per-
formed on the effluent. If required, the nonvolatile residue content of
the effluent will be determined.
2.5.4 Identification of Item Cleanliness
The minimuh_ identification on cleaned parts will consist of the
certification stamp of the employee who cleaned the part; the part num-
ber and serial number; the date of cleaning; and the specification to
which the part was cleaned.
3. BIOLOGICAL CONTAMINATION CONTROL
3.1 Introduction
In order to meet the JPL requirement of a one part in 10 4 chance
of biologically contaminating Mars in any one launch attempt, extensive
measures will be taken to insure sterilization of the capsule and space-
craft effluents.
Voyager flight capsules will be sterilized and delivered to the Cape
Kennedy explosion proof facility under conditions established to main-
tain their sterility. However, the exterior of the capsule biological
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barrier (cannister) and of the flight spacecraft will be contaminated, and
hence it will be necessary to sterilize the external surfaces of the flight
spacecraft and the flight capsule cannister after installation within the
nose fairing to assure the biological contamination requirements.
Another means by which the flight spacecraft may contaminate the
flight capsule is from gases ejected by the attitude control and midcourse
correction systems. Some small fraction of these gases will surely be
on trajectories intercepting Mars and another fraction will distribute
itself around the flight spacecraft. Prior to separation from the space-
craft the cannister will be removed from the capsule, resulting in the
capsule being ejected through a potentially contaminating cloud; to re-
duce this the cold gases and the cold gas systems will be sterilized.
3.2 Requirements
3.2. 1 Attitude Control and Midcourse Correction Systems
Hardware associated with the attitude control and midcourse cor-
rection systems may be sterilized either by dry heat or with a gas purge
with ig per cent ethylene oxide and 88 per cent freon (12-88). The dry
heat sterilization would require special handling of the system during
installation to avoid microbiological contamination. The simpler pro-
cedure would be to purge the tanks, valves, and lines before the filling
operations with 12-88 but after the systems have been assembled within
the flight spacecraft.
The hydrazine _ fuel under consideration for the monopropellant
is self sterilizing. Therefore the fuel and its containers will be sterile,
however, the jets through which the fuels will be emitted will not be
sterile nor will the brief contact with the fuel during firing be sufficient
to sterilize them. It will be necessary to surface sterilize them with
12-88.
The cold gas system will also be purged with 12-88 prior to filling.
The cold gases will be filled through sterile high pressure microbio-
logical filters. The filters will be selected from those currently
under investigation by NASA contractors.
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Final assembly of the flight spacecraft with the flight capsule will
be conducted in the explosion safe facility. If the sterilization is to be
conducted in the same explosion safe facility, the spacecraft and cap-
sule assembly will be enclosed in the nose fairing. The biological
shroud will be assembled at the base of the nose fairing and the entire
unit purged with 1g-88. Any time the barrier is penetrated the unit will
be resterilized. The planetary vehicle will then be mated to Centaur
without disrupting the integrity of the sterility barrier. It may be nec-
essary to purge the planetary vehicle after it is mated with Centaur; at
this point, with the Centaur shroud in place, it will be possible to also
surface sterilize Centaur. Figure D-1 presents the functional flow dia-
gram of this procedure.
I 12-88 PURGE FLIGHT I
SPACECRAFT FUEL SYSTEMS
I ICAPSULE SPACECRAFT
I I
J MATE FLIGHT CAPSULE I
AND SPACECRAFT
t
J CLOSE NOSE FAIRING i
t
J CLOSE BIOLOGICALBARRIER
i
I i
t
J MATE PLANETARY
VEHICLE TO CENTAUR
MATE NOSE FAIRING
TO SHROUD
J 12-88 PURGE
t
J FINAL CHECK OUT j
Figure D- 1. Functional Flow Diagram of Voyager Flight Spacecraft
Surface Sterilization Process
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If the sterilization is to be conducted on the stand, the spacecraft
and capsule assembly will be mated with the Centaur; the biological
shroud will be assembled and the nose fairings installed. Sterilization
of the planetary vehicle will then be conducted, and, if desired, surface
sterilization of the Centaur can be accomplished.
3.2.2 Facilities
Fabrication of units and structures whose surfaces will be ex-
ternally exposed in the flight spacecraft will be accomplished under
clean room conditions. The degree of cleanliness required willbe de-
termined by Quality Assurance. All clean room procedures will be re-
viewed from the standpoint of minimizing the microbiological contamina-
tion during fabrication. This will be performed to ensure that steriliza-
tion be accomplished during the time period designated for the steriliza-
tion process.
3.2.3 Sterilization Requirements
In order to achieve ethylene oxide sterilization it is essential to
recognize the complexities of the process. Success is dependent upon
integration of ethylene oxide concentration with time, temperature, and
humidity. Other factors such as the nature of materials, gas penetra-
tion into difficult areas, and resistance of the microorganisms are
equally important. Therefore, final values for the various parameters
will depend upon the ability of the planetary vehicle and its enclosure to
tolerate the stress. The following conditions are considered to be op-
timum for achieving a 5 to 6 hour sterilization: temperature: 55°C,
humidity: 50 per cent RH, and positive gas pressure as required:
A typical standard gas sterilizing cycle is as follows:
al Preconditioning phase in which an initial vacuum is
drawn on a preheated system and the unit is
humidified.
b) The 12-88is introduced via a heat exchanger until
the required pressure is reached at which time the
gas flow is discontinued.
c) 4 to 6 hour exposure period
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d) Evacuation of the unit and a terminal vacuum is
drawn
e) The unit is returned to atmospheric pressure by intro-
ducing filtered air to prevent recontamination
It is recognized that the optimum conditions of vacuum and pres-
sure will not be tolerated by the nose fairing and microbiological shroud.
Tradeoffs will have to be made depending on engineering constraints.
The parameters of time, temperature, and humidity will be ex-
perimentally determined when all constraints are defined.
3.3 Methods
Design engineering will provide the sterilization unit. Port at-
tachments will be needed in the design of the nose fairing for attach-
ment of the sterilization purge unit. Additional ports in the nose fair-
ing will be needed through which sterilization controls may be inserted
and withdrawn.
Sterilization requirements will be experimentally determined in
the Douglas Microbiology Laboratory.
3.4 Personnel
All microbiological assay work will be performed by trained mi-
crobiologists. The sterilization program will be supervised by micro-
biologists versed in the problems of contamination control, ethylene
oxide sterilization, and hardware constraints.
3.5 Sterilization Controls
The sterilization controls will be selected from: commercially
available strips, NASA recommendations, and preparation assembled in
the Douglas Microbiology Laboratory. Controls will be inserted through
ports in the nose fairing and exposed to the sterilization cycle. All con-
trols will be removed following sterilization and assayed for the achieve-
ment of sterility.
3.6 Final Assembly
If the planetary vehicle is sterilized in the explosion safe facility,
it will be transported to the launch site and mated to Centaur without
violating the integrity of the sterility barrier. A terminal ethylene
oxide purge will be conducted prior to final circuit check and launch.
6O7
APPENDIX E
EQUIPMENT LIST
This appendix contains the preliminary equipment lists for the
1969 flight test (Table E-l) and the 1971 spacecraft (Table E-2),
together with the equipment lists for the mechanical and electrical
operational support equipment to support both spacecraft (Table H-3).
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Table E-I. 1969 Flight Test Equipment List
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Table E-3. Operational Support Equipment
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System Test Complex Unit Test Sets
Command Data Handling Subsystem
o S-band communications unit
test set
• UHF communications unit
test set
• Command decoder unit test
set
• Data handling unit test set
Stabilization and Control Subsystem
• Rate gyro assembly unit test
set
• Sun sensor and near earth
detector unit test set
• Star sensor unit test set
• Stabilization and control
electronics assembly unit
te st set
Central Sequencing and Command
Subsystem
• Central sequencing and command
unit test set
Power Subsystem
• Solar panel unit test set
• Power inverter unit test set
• Battery control unit test set
• Power control electronics
assembly unit test set
Quantity Required
1971
6
6
6
6
6
6
6
6
6
• Battery unit test set 6
",_Quantity of 7 for 1971 consists of l new Unit Test Set in addition
to the requirements of the 6 Unit Test Sets developed for 1969
640
Electrical Distribution Subsystem
Electrical distribution unit
test set
Planet Oriented Package Subsystem
• Planet oriented package unit
test set
Propulsion Subsystem
System Test Sets
Communications Data Handling System
Launch Complex Equipment
• STS
• ADAS
• Monitor console
• RF console
Mission Dependent Equipment
Quantity Required
1971 GFE
6
9 9a
Z
2
4 Zb
a = SDS-930 computer
b = SDS-910 computer
641
System Test Complex Unit Test Sets
Command Data Handling Subsystem
o S-band communications unit
test set
O UHF communications unit
test set
O Command decoder unit test
set
• Data handling unit test set
Stabilization and Control Subsystem
• Rate gyro assembly unit test
set
• Sun sensor and near earth
detector unit test set
• Star sensor unit test set
• Stabilization and control
electronics assembly unit
test set
Central Sequencing and Command
Subsystem
• Central sequencing and command
unit test set
Power Subsystem
• Solar panel unit test set
• Power inverter unit test set
• Battery control unit test set
• Power control electronics
assembly unit test set
• Battery unit test set
Quantity Required
1969
5
5
5
5
5
64Z
Electrical Distribution Subsystem
o Electrical distribution unit
test set
Planet Oriented Package Subsystem
• Planet oriented package unit
test set
Propulsion Subsy stem
System Test Sets
Communications Data Handling System
Launch Complex Equipment
• STS
• ADAS
• Monitor console
• RF console
Mission Dependent Equipment
Quantity R equir ed
1969
4
4
2
2
4
GFE
9a
2b
a = SDS-930 computer
b - SDS-910 computer
643
Nomenclature
Assembly, Handlin_ and Shipping Equipment
(Flight Spacecraft and Over-all Flight Spacecraft} (OSE/VS-3-140}
Transporter, Flight Spacecraft
Assembly, Handling and Tilt Fixture
Transport Recorder
Fixture, Weight, Center of Gravity and Moment of Inertia
Shipping Container Group Standard Modules
Work Platforms, Mobile
Adapter Kit, Centaur/Shroud Transporter
Sling Assembly, Planetary Vehicle and Nose Fairing
Purge Unit, Freon/Ethylene Oxide
Planetary Vehicle/Nose Fairing Mating and Assembly Fixture Fixture
Sling, Flight Capsule
Hoist Beam and Sling, Flight Spacecraft
Tag Lines
Platform Launch Stand Access
Universal Mounting Ring, Flight Spacecraft and Planetary Vehicle
Environmental Cover, Flight Spacecraft
Hoist Sling, Environmental Cover
Platform, Auxiliary Access
Science Payload Subsystem {OSE/VS-4-Zl0)
Alignment Fixture, Science Payload
Shipping Container, Experiment Booms
Communications and Data Handling Subsystems (OSE/VS-4-310)
Doily, 6' Parabolic Antenna
Hoist Beam 6' Parabolic Antenna
Shipping Container, 3' Parabolic Antenna
Shipping Container, 6' Dish Antenna
Shipping Container, Low gain Antenna
Shipping Container, FHght Capsule Receiving Antenna
Stabilization and Control Subsystem (OSE/VS-4-410)
Alignment Fixture, Stabilization and Control Nozzles
Protective Covers, Stabilization and Control Nozzles
Power Suhs}rstem (OSE/VS-4-460)
Assembly and Handling Frame, Solar Panel Segment
Protective Cover, Solar Panel Segment
Shipping Container, Solar Panel Segment
Handling Dolly, Solar Panel Segment
Sling Assembly, Solar Panel Segment
Shipping Container, Battery
Shipping Container, Power Amplifier
Use Location
x x
x
x x
x
x
x x x
x x
x x x x
x x
x
x
x
x
x x x x
x x x x
x
x
x x x x
x
x x x x
x x x x
x
x x x
x x
x x
x x x
x x x x
x x x x x x
x x x x x
x
x x x x
x x x x
x
x
Quantity
Required
1971
4
7
4
2
50
7
Z
Z
2
Z
Z
4
Z
2
4
4
4
6
4
Z8
30
30
15
18
6
I0
Z
644
Nomenclature
Thermal Control Subsystem (OSE/VS-4-510)
Assembly and Handling Fixture, Spacecraft Louvers
Shipping Container, Spacecraft Louvers
Handling and Shipping Container, Insulation
Structural Subsystem Equipment (OSE/VS-4-520)
Dolly, Structural Sections
Shipping Containers, Miscellaneous Spacecraft Structure
Sling, Propulsion/Pneumatic Structural Section
Interface Match Tool, Spacecraft/Flight Capsule
Interface Match Tool, Spacecraft/Centaur Adapter
Pyrotechnic Subs[stem (OSE/VS-4-530)
Shipping Container, Explosive Train
Handling Case, Arming Kit
Planet Oriented Package Subsystem (OSE/VS-4-580)
Assembly Fixture and Dolly, POP
Shipping Container, POP
Hoist Beam, POP
Propulsion Subsystem (OSE/VS-4-610)
Slin_, Re_ropropulsion Motor
Dolly, Retropropulsion Motor
Alignment Fixture, Retropropulslon Motor
Alignment Fixture, Midcourse Engine
Shipping Container, Midcourse Engine
Pneumatic Test Set
Pneumatic Fill Cart
Propellant Transfer and Handling Cart
Alignment Fixture, Midcourse Engine/Steering Vanes
Universal Handling Fixture, Hydrazine/Helium Tank
Sling, Hydrazine/Helium Tank
Use Location
o_ _
x x
x
x x x
x x
x x
x x
x
x
x x
x
x x x
x x
x x
x x
x x
x x
b,
x x
x x
x x
x x
x
x
x
x
x
x
x
x
Quantity
Required
1971
20
5
4
645
Nomenclature
Assembly, Handling and Shipping Equipment
(Flight Spacecraft and Over-all _light Spacecraft)(OSE/VS-3-140)
Transporter, Flight Spacecraft
Assembly, Handling and Tilt Fixture
Transport Recorder
Fixture, Weight, Center of Gravity and Moment of Inertia
Shipping Container Group, Standard Modules
Work Platforms, Mobile
Hoist Beam and Slings, Flight Spacecraft
Tag Lines
Platform, Launch Stand Access
Universal Mounting Ring, Flight Spacecraft and Planetary Vehicle
Environmental Cover, Flight Spacecraft
Hoist Sling, Environmental Cover
Platform, Auxiliary Access
Transporter Adapter Cradle, 1969 Test Spacecraft
Communications and Data Handling Subsystems (OSE/VS-4-310)
Dolly, 6' Parabolic Antenna
Hoist Beam, 6' Parabolic Antenna
Shipping Container, 61 Dish Antenna
Shipping Container, Low Gain Antenna
Stabilization and ControlSubsystem (OSE/VS-4-410)
Alignment Fixture, Stabilization and Control Nozzles
Protective Covers, Stabilization and Control Nozzles
Power Subsystem (OSE/VS-4-460)
Assembly and Handling Frame, Solar Panel Segment
Protective Covers, Solar Panel Segment
Shipping Container, Solar Panel Segment
Handling Dolly, Solar Panel Segment
Sling Assembly, Solar Panel Segment
Shipping Container, Battery
Shipping Container, Power Amplifier
Thermal Control Subsystem (OSE/VS-4-510)
Assembly and Handling Fixture, Spacecraft Louvers
Shipping Container, Spacecraft .Louvers
Handling and Shipping Container, Insulation
*1969 uses 1971 equipment as is or with removable MOD kits
Use Location
°_ _ _ Quantity
'_ _ • Required
_ _ _ 1969
x
x
x
x x x x
x x
x x x
x x x x
x
x x x
x x
x
x x x
x x x
x x
x x
x x
x x
x x
3*
x 5*
3*
x Z*
x 50*
x 5 *
x 4
x 2 *
x Z
x 4
3*
x 3 *
x 6.
3
x 3*
x 3
1"
4"
x iZ
x lZ
6
x 8
x 5
10"
Z*
x 16.
4*
3*
646
Nomenclature
Structural Subsystem Equipment (OSE/VS-4-5Z0}
Dolly, Structural Sections
Shipping Containers, Miscellaneous Spacecraft Structure
Sling, Propulsion/Pneumatic Structural Section
Interface Match Tool, Spacecraft/Centaur Adapter
Pyrotechnic Subsystem (OSE/VS-4-530)
Handling Case, Arming Kit
Propulsion Subsystem (OSE/VS-4-610)
Alignment Fixture, Midcourse Engine
Shipping Container, Midcourse Engine
Pneumatic Test Set
Pneumatic Fill Cart
Propellant Transfer and Handling Cart
Alignment Fixture, Midcourse Engine/Steering Vanes
Universal Handling Fixture, Hydrazine/Helium Tank
Sling, Hydrazine/Heliurn Tank
$1969 uses 1971 equipment as is or with removable MOD kits
Use Location
Quantity
°_ _ _ Required
1969
x x
x x x
x x
3
3
x 4
z
x x
x x x
x x
x x
x x
x x
x x
x x 2
x 4*
Z*
x 2_
x 2¢
x 2_
x 4.
x 4*
x 3.
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SIGNIFICANT ERRATA. TRW Systems, Phase IA
Study Report, Voyager Spacecraft
August li, 1965
UG 1 2 9_5,_
Volume i. Summary
Substitute new p. 79 attached.
.66-2 .0 9.
Volume 2.
jp. i8.
.... o: i43.
f..,
....-pi 2S2.
p. Z84.
_-p. 327.
,p 3 _,•
197i Voyager Spacecraft
Item h) "necessary landed operations" should read "necessary
lander operations. "
Section 3.4.i.a. second line should read :'threshold of 0.25 gamma"
Lines 3 and 4. Delete "or incorrect spacecraft address"
Figure 5. Change "i28 Word D__O Core Memory" to ,256 Word
D_O Core 3£ierr_ory::
Denon_-inator of seco:_d terr_, on -,-_-- "
-.2.__ a_nd side of equation should •
read
-: N-- 1
figure i, Section F-F. "separation nut" should read "bolt catcher"
Volurrae 3. " _-,va_er,o Program Plan
Subs:i=ute new p. i2 attached.
p. !3.
p. i6. Figure 2-6. First milestone date should be September i, 1969,
instead of mid-January 1970, and all subsequent dates should be
correspondingly adjusted 4.5 months earlier.
p. 20. Table 2-2. Third item in 1969 column should read "coincident
with co_npletion of proof test model assemblies. Fifth item in
this column change "Z weeks" to "3.5 months." Fourth item in
1971 column, change "4 months" to "5 months."
i.p. 67. 7_igure 5-2. Under !ntersystem Interface Specification add a
block entitled "Spacecraft to OSE Interface Specification"
• _ line of paragraph c should read "shown in Table 5-2 "
./p. 126. Figure 5-13. Year should be 1966 instead of 1965.
_. 153.
p'. 167.
.f_f
fp. 254.
Figure 5-18. Ignore all numbers associated with lines in figure.
!Vigure 5-21. In line 20 change "design revisions" to "design
i_ eview s"
S=cona paragraph, third line, "The capability of the transmitter
to select" should read "The capability of the transmitter selector _
_ se ect.
Section heading n should read Experiment Data Handling
_. 604 Section 3.2.1 beginning of secondparagra_h should read "The
nya. azzne fuel . "
Volu_-_.e 4. J.!ternate Designs: Systems Considerations <! ',._
.__p___i.O3.
p_ !5_i.
Figure 3-19. Caption should read "Radial Center of Mass... "
Last paragraph, second line, "For the baseline, the reliability..."
should read "The reliability ... "
158 _u
._._.. _ . o_. llne, replace "0.06 pound/watt" by "0.6 pound/watt"
_. 2._-._ Figure 3-50 Dot in ellipse at right should be 0.
, _,. _,_-'/ .
_.,,. p. 261.
Section 5.3.2, secona paragraph, 7th line, should read "Figure 3-52."
Second line, "with a variable V" should read "with a variable AV"
First line, "3250 km/sec" should read "3.250 km/sec"
Figure 3-64. Interchange coordinates, clock angle and cone angle
/_h-P. 293. Figure 3-81. An arrow should connect "Low-gain spacecraft
antenna" and the dashed line at 73 X 106 km
Volume 4. Alternate Designs: Systems Considerations Appendix
/
p._>o_. Figure A-2. The shaded portion under the lower curve should
extend to the right only as far as 325 lb.
p. 9.
p. 207.
Table A-I, part (I). In last column heading change "W " to
"VI i . In part (4) last column heading change "W3" to 3 ,,W4,,
Second line below tabulation, replace "575 X 35" by "570 X 35"
Tabulation at bottom of page, change "18" to "30" and "400"
to "240"
Numerator of equation for k best at bottom of page should read
"0.0201," and numerator of equation for k worst should read
"9.2 i"
p. 209. Table 5B, fifth line. Delete " × I0- " Also p. 213, Table 7A,
seventh line, and p. 232, Table 3B, fifth line.
p. 217. Top portion of Table 9B should be labeled "primary mode"
instead of "other modes"
-= equations following words "clearly" and "thus" insert " >"
before second summation.
Volume 5. Alternate Designs: Subsystem Considerations
p,
po
3-15 Fifth line, "... is extended, spacecraft" should read "... is
extended, two spacecraft"
3-38 Last !ine, change " - 32 M" to " _ 32 ] (M]"
4500 k / k.]
p. 3-51 Two equations at bottom of page should read
D = 4wA/k z
Dk 2 iO00 k 2
fj_ -
4w 4w
p. 3 ........ _ "'-- _--+ ,, [w ]
p. 3-8Z
p. 3 111
p. 3-137
6th line should read "50 degrees': instead of "50-140 degrees,"
and seventh line should read "i40 degrees" instead of "50-140
degrees;'
Last line, change "50 Mc '7to "i Me"
Item g) for "... followed by 5 frames of real time" substitute
"... followed by iI frames of low rate science data and 5 frames
of real time"
3
PP.
P.
P.
3-150 and 3-151 are interchanged.
3-156 Last line, should read "gates, a 7 bit"
5-2!
p. 5-33
.
P.
Second paragraph, third line, for "others since they are"
substitute "others which are"
Bjork equations should identify 0.18 as an exponent, and the
exoonent for (pp/Pt) in the Hermann and Jones equation
snouid be Z/3 in both cases.
5-33 Figure 5-12 should be replaced with Figure C-7 of Appendi x C.
5-40 Three lines above Table 5-i0 substit te "permanent set" for
"experiment"
Volun_e 5. Aiterna':e Designs: Subsyste_,__ Consieerations. Appendix I
p. :_-ll _otto_rn of page, for ::rZIZ:_ substitute "(V/C) z/3 r"
p. C-5
p. C-6
f
The title of Figure C-Z should read "Figure C-Z, Meteoroid
influx Rate Circular Orbit Mars", and the title of Figure C-3
should read "Figure C-3. Meteoroid Influx Rate Cruise"
_It bottom of page, add the following: "*Within 50,000 km
of _/ar s "
_ i39_u!d_? read: "... of low density (pp < Z.4 gm/cm3..."
_._o_._= _r_'_m-..The ordinate :'Z" should read "I00"
pp. C-'=7 %_i_e figures C-6 end C-7 on pages C-17 and C-ZI should be
reversed.
p. _--zo _f'he title of Figure C-8 should read "Meteoroid Shield Test
S_D_cirz__en"
p. C-Z9 %_he title of Figure C-9 should read "Cutaway of Meteoroid
Shield Test Specimen
p. C-34 In Section i.8 the first sentence should be replaced by the
following two sentences: "Preceding sections of this appendix
contain derivations of the probability of penetrations of the
spacecraft outer skin by meteoroids. It is clear that to design
an outer skin of sufficient thickness to reduce the probability
of no penetrations to a low level, such as 0.05 to 0.01, would
be prohibitive in terms of the weight required."
4
p.
C -35 In the first equation, the expression "(t in m2) ''in two places
should read "(t in ca)" and "A" in two places should read
"(A in m2) ''
_°
C-38
C-40
in Table C-Z, all values in inches should be in centimeters.
A zero should be inserted immediately following the decimal
point, for example: (0.0Z0-inch) = 0.05080, (0.020-inch) =
0.06096, (0.020-inch) = 0.04064, etc.
Section 1.8.? Computation of Ris, the sixth line should
read "... than 10-6 are neglected ''_
p. C-45 In listing under "Values of t Used for Extreme Environment
......_._, under ._n_h, the first number should read 0.020
ins'z_ad of 0.ZOZ
p. C-52 In !.!0 NOMENCLATURE, _'_1_2"
_-_e-/L_. _-fLt-_-'-P)'_and :_B" should be
should be defined as
9.806 [_.
_zr_._-!_O ant C 15 _ shou!dbe reversed.
"2- C-SDS _ior.g the ordinate in the graph,
"Sc_-ess X iO -Z"
':Stress X 10 -3'' should read
L
Voluzne 5. ._-_iternate Designs: Subsystem Considerations. Appendix II
p. __'-Z3 Lines 7 and i0 change all subscript T to T
_- " to ';mEli'p. Z-24 Line _., change :'_ME I
,_u_ u F L_L_e should be "_Refiection Phase Angle ¢ (deg)"
a_nd Figure F-10 title should be "Reflection Magnitude R"
_s_ line, change "0.27" to ':0.175"
Lines 14 and 15, change ':14,700 ft/sec to 460 ft/sec" to
14,700 ft/sec minus 460 ft/sec:' and "14,700 ft/sec to
iO, O00 ft/sec" to "14,700 ft/sec minus I0,000 ft/sec"
Last line in item 4), change "Z7 per cent" to _i7.5 per cent"
Table F-4, under Assumed Parameter for item 2 insert
"+Z X i0 -5'', for item 3 insert ":h3 X 10 -5" , and for item 4
insert _:±Z X 10 -5"
5
p. F-53
p. F-60
item d.
change
"d db"
Noise Figure, change "4 db" to "3.5 db"; Gain,
"Z0 db" to "i0 db:', last line change "i0 db" to
Figure F-ZI. Change i02 kc to i12 kc.
Line Z2, change to "M =i
peak)"
21.5 deg or 0.375 radians (rms,
_Line 2, change to
F-60
p. G-6
T
_'-2 (i'i)2
I
Line 3, change to ::MZ
(:peak)'_
(0.375) 2 '_,
= !.03 radians (rms) or 1.46 radians
z_a_,_aD _ i z-, second line change ::from G M = 10' E to
n i0 4!C" _ ... " to read ':from E M : i0 -i _ to E ...G O 0
Volume 6.
D.U
p. 39
_. G-31
p. G-i0Z
-p. G-ii3
p. G-t84.
p. G-3il
p. G-398
p. G-4i9
p. G-423
,_yc_ _n_ Support Equipment
Figure 6. Caption should be :'Typical Grounding Scheme"
S= _" _ 1.3.3 change opening of _; st_c_o_, . , _r sentence to read "Launch
pad equipment consists of the ground power and RF consoles
and the test flight program power and control equipment ... "
_"r ° i Lines enclosing Data Format Generator should be
SC_,_ _.
T _-_as_ line substitute "4500" for "zt5"
in Section 4.4.2, change "25 per cent" to "250 per cent"
Section 4,5, substitute "6.5 feet" for "six feet"
Fifth line, change "30 per cent" to "Z0 per cent"
Section 4.2 should begin with "The hoist beam is ..."
Second line "4 optical alignment targets" instead of 8. Same
correction top of p. G-4ZI.
Section 4.9.2, substitute "Z0 per cent" for "50 per cent"
6
4,
Volurne 7. 1969 Flight Test Spacecraft and OSE
p. 90 First line should read "Launch pad equipment consists of
the ground power and RF consoles and ... "
p. !07 Last line, change Volume 5 to Volume 6.
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